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yV  the  Commanders  ^/z^/ Officers  of  the  Royal 
Navy,  the  Commanders  and  Officers  in  the 
Service  of  the  Honorable  East-India  Company, 
^nd  Masters  in  the  Merchants  Service^ 

Gentlemen, 

YOUR  favorable  Reception  of  my  former  Works 
has  encouraged  nae  to  fubmit  this  Ninth  Edition 
to  your  Pcrufal ;  in  which  I  flatter  ipyfelf  you  will  find 
many  Additions  and  Improvements ;  particularly  in  thq 
Table  of  the  Latitudes  ?ind  I/ongitudes  of  Places,  I 
have,  fince  the  laft  Edition  was  •printed,  coUedted  up-r 
wards  of  four  thoufand  Obfervations,  made  in  various 
Parts,  and  compared  them  with  thofe  publiflicd  by  the 
Board  of  Longitude  in  London,  the  Royal  Academy 
^t  Paris,  and  the  moft  corredt  Charts  now  extant  i 
This  has  enabled  me  to  lay  down  th?  Situation  of 
Places  piore  corredt  than  they  were  before. 

The  determining  the  Lpngitifde  by  the  Moon'5. 
Diftance  from  the  Sun  and  Stars,  is  now,  I  hope,  ren- 
dered eafy,  and  all  the  Tables  neceflary  to  be  u^^jl 
with  the  Nautical  Almanac  are  added ;  and  ^ch  Care 
has  been  taken  in  correiSting  the  other  I'ables,  that 
they  may  be  depended  on.  In  fadt,  there  has  been  fo 
much  fains  taken  \\\  improving  and  correcting  this, 
that  you  will  find  it  not  only  a  new  Edition,  but  aK 
pioft  a  nevy  ^ook, 

That  it  may  continue  to  meet  with  your  Approba-^ 
^ion,  as  an  ufeful  Compaqion  at  Sea^  is  thp  l^ncei-Q 
Hope  of. 

Gentlemen^ 

Your  devoted 

And  very  obecjiept  Servant, 

JpHN  HAMlLTpN  MQQIIE, 
oh.  I,  1791. 


TEACHERS   of    NAVIGATION, 


Gentlemen, 

IN  the  Courfe  of  your  Tuition,  it  is  probable  that 
you  have  difcovered  many  Errors  in  the  laft  Edi- 
tion: of  this  Book  5  for  the  Rapidity  of  its  Sale  induced 
others  to  print  Copies  of  it,  without  that  accurate 
Revifion  neceflary  in  a  Work  of  this  Nature.  Fraught 
with  fo  many  Errors,  I  hi u (bed*  to  behold  what  t&ey 
unjullly  called  my  Pk actical  Navigator. 

I  am  now.  Gentlemen,  happy  in  having  the  Op-. 
portunlty  of  prefenting  you  with  a  new  Edition, 
revifed  and  improved,  which  I  truft  is  more  con- 
iiftent  with  my  Credit,  and  convenient  for  your 
Ufei  Concifenefs  of  Method,  and  Facility  of  Opera^ 
tion,  being  tlie  principal  Points  aimed  at, 

I  have  •  infer  ted  two  Methods  of  reducing  the  appa- 
rent Diftances  of  Ccleftial  Objefts  to  their  true  Dif- 
tances,  Thefe  are  exemplified  and  rendered  eafy.  All 
the  Tables  pequifite  in  the  Calculations  are  properly 
U umbered,  for  the  more  readily  finding  them  i  and  the 
pxamplcs  are  accommodated  to  the  Year  1796,  the 
pJautical  j^imanac  for  that  Year  being  now  publifhed. 

I  have  only.  Gentlemen,  refpedtfuUy  to  add,  that 
by  pointing  out  any  Errors  that  may  yet  have  efcaped 
fny  Notice,  you  will  confer  a  great  Obligation  on, 

t  Your  much  obliged. 

And  yt^y  humble  Servant, 

JOHN  HAMILTON  MOORE, 
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Page  III,  In  the  fecond  Line  under  the  Table,  reje^  55  MiUs  df 
Southing. 

Page  109,'  In  the  Anfwer  to  the  feventh  Qiieftion,  for  as  Dtffl  of 
jLat.  786,  read  Diff.  ^f  Long. 

Page  139.  In  finding  the  Number  of  the  Month,  for  7  \  read  8. 

Pa^e  200.  The  fifth  Line  from  the  Bottom,  for  Boards  rjead  BoaU, 

Page  240,  Queftion  6.  Make  the  fuppofed  Longitude  8^  W.  the  re- 
duced Time  sh.  22'  57",  the  true  Time  will  be  4h.  38'  7^  and 
the  true  Diftance  77''  38'  27".  Find  the  Diftances  between  3 
and  6  Hours,  and  the  longitude  will  be  7*  59'  \  Weft. 

N.  B.  The  rapid  Sale  this  Book  has  hadfinct  itsfirjt  Publication^  has 
induced  Perfons  in  Scotland  and  other  Placet  to  copy  it^  many  of  which 
have  been  dijlributed  in  different  Parts  of  the  Worlds  particularly  in 
jtnurica ;  in  Order  to  prevent  fuch  fpurious  and  erroneous  Editions  being 
impojed  on  the  Public  in  future^  a  ftriking  Likenefs  of  the  Author  will  be 
affixed  to  each  Book  of  the  new  Edition :  all  without  it  are  pirated  and 
cannot  be  depended  on* 
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GEOMETRY. 

DEFINITIONS, 

GEOMETRY   IS  that  Science  by  which  we  ccmpar^  (ucK 
Quantities  together  as  have  Extenfion,  i.  c*  Lixijw,  Supcffic^S^ 
and  Solids^  whofe  original  is  from  a  Point. 

I.  ,, 

A  Point  hath  no  Parts  5    that  is,   a  Geometrical  Point  Is     . 
not  any  Qiiantity,  but  only  an  aflignablc  Place  lajsk  Q«2Wlity 
denoted  by  a  Point,  as  at  A*  / 

*  Such  a  Place  may  be  conceived  fo  infinitely  fmatlj  as  to  be  void 

*  of  Length,  Breadth,    and  Thicknefs ;  and  therefore  a  Point  may 

*  be  faid  to  have  no  Parts/ 

■jr. 

A  Right  Une  istheneareftDiftftncebAwecttfwd  >  '       '  B 

Points,  which  limit  it$  Length,  as  A  B.  -  •  * 

Circular  Linefs  are  thofe  ^icb  lie.  bending  be*tween  two  Poinis. 

lY.       ^ 
P^allel  Lines  are  thofe  that  are  equally  diftant  in  .    ■ 

all  their  Parts,    which  being  infinitely  extended  on  the  *""** 

iame  Plane,  will  never  meet. 

A  N.\At«\ 


GEOMETRY. 


V. 

Lines  not  parallel,  but  inclining  towards  each 
other,  whether  they  arc  right  Lines  ibr  circular, 
will,  if  they  are  extended,  meet,  and  make  an  A^ 
Angle;  the  Point  whefe  they  meet  is  called 
the  Angular  Point,  ^s  at  A  ;  and  according  las 
iuch  Lines  ftand  "nearer  or  farther  off  e^ch  othcry 
the  Angle  is  faid  to  be  greater  or  lefs,  whether 
the  Lines  that  include  the  Angle  be  long  or  (hort. 

All  Angles  included  between  Right  Lines,  are  called  Right-lined 
Angles,  and  fall  under  thefe  three  Denominations ;  viz.  A  Right 
Angle^  axi  Obtufe  A'^gle,  and  an  Acutp  Angle. 

VL  D 

.  A  Right  Angle  is  that  which  is  included  between 
two  Lines  that  meet  each  other  perpendicular,  as  DC 

meets  A  B. 

-  .  .         ...  ^ 


yiL 

An  Obtufe  Angle  is  that  which  is 
greater  than  a  Right  Angle,  fuch  as 
S^e  Angle  included  between  the  Lines 
ACandC  <B.    - 


An  Acute  Angl^  is.lhat  which  is  lefs  than 
a  Right  Angle,  fuch  as  the  Angle  included 
between  the  Lines  C  B  and  C  D  j  thefe  An- 
gles are  called  Oblique.  Angles* 

......    ....     .  .        ^^ 

A  Circle  is  a  perfeft  round  Figure  ;  the 
Point  C  in  the  Middle  is  the  Centre,  and 
Is  bounded  by  z  round.  Line  called  its  Cir- 
cumference, or- Periphery, 

A  Right  Line,  drawn  from  the  Centre 
to  the  L^ircumference,  is  called%e  Ra^iusy 
or'itis-theDiftance  taken  in  the  Gorapafles 
CO  defcribe  a  Circle,  as  A  C. 


<  Note 


GEOMETRY*  j 

*  Note.  The  Radius,    generally,  ufed  in  defcribing  Circles,   is 

*  60^,  (taken  from  the  Line  of  Chords)  the  Circumference  of  which 

*  will  contain  360^,  the  Number  of  equal  Marts' of -i>egfeefth'JlFall 
^  Circles  are  fuppofed  to  be  divided  ioto ;   and  each  of  thcfc  De^ 

*  grees  are  divided  into  60  equal  Parts,  called  Minutes,  -fcc.  ; 

*  All  Angles  are  meafured  by  an  Arch  of  this  Circle,   defcribed 

*  upon  the  Angular  Point  as  a  Centre,    with  the  Chord  of  6o*,  as 
<  above,  aod  the  Angle  isfaid  to. be  greater, ^Ijofs,  according  cothe 

*  Number  of  Degrees  contained  between  the  Leg&j^but  the  oidcft  or. 

*  Legs  are  meafured  by  a  Scale  of  equal  Parts.' 

The  Diameter  is  twice  its  Radius,  joined  into  one  Right  Line 
drawn  trough  the  Centre,  which  divides  the  Circle*  into  two  e^al 
Parts  called  Semi-circles.  \  ,^ 

A  ^4adrant\s  half  a  Semi-circle. 

A  Chord  Line  is  a  Right  Line  that  cuts  the  Circle  in  two  un- 
equal Paxts  called  Segments.  .  .     - 

A  Se^or  is  a  Figure  included  between  two/Radius*s,  Imd  is  lef^. 
than  a  Quadrant.  -^ 

All  Plam  Triangles  are  Figures  comprehended  under  three  Right 
Lines,  and  are  diftinguifhed  into  three  Sorts ;  viz.  A  Right-angled 
Triangle,  an  Dbtufe-angled  T?riang!i?,  and  ^n  Acutc-anglcd  Tri« 
angle.    -  ■ 

A  Right-angled  Triangle  is  that  which  hath  one 
of  its  Legs  perpendicular  to  the  other,'  and  is  equal 
to  a  Quadrant  or  90°;  as  6  A  C;  the  longeft 
Side  of  which  is  cailed  the  HVpothenufe,  as  B  C, 
and  the  other  two  ^ides  are  called  Legs. 

XL 

An  Obtufc-angled  Triangle  is  that  which      •  - 
hath  one  of  ibs  Angles  greater  than  a  Right 
Angle,  as  EDF. 


xn. 


An  Acute-angled  Triangle  is  that  which 
hath  all  its  Angles  lefs  than  a  Right  Angle,  G 
asGHL 


A  2 


GEOMETRY. 


TheTfei«^dMifil«^:©f^cJ7Trku:»gk.are!fiqu4toa  Scmt-circle, 
or  tB<f  i  ithft  am  Ai^^t -Angles  oitv^xy  Rigl^t-aqgle^  friaagle  arc 
equal  to  9C^. 

XJV.  ..."   . 
'  SfAes  or  Aa^s  giveii,  are  marked  with  a  DaA ;  bat^  when  tv-* 
quiiiMl)  witb  a  Cji^lisr* 

XV.'      . 
Dfcgtws  are  alwajrs  marked  with  a  Cypher  ever  diem,  {^)  and  Mi- 
itcs  with  a  Dafh.  (') 


nutes 


XVI. 


Three  l^etters  demote  axi  Angle  ;  the  Middle  one  fliews  the  An- 
gular Point,  arid  ttie  other  two  the  Sides  that  inclofe  it. 


XVII. 


m 


25d  is  25  Degrees,  and  25m  is  25  Minutes. 


< 


s.  a 

T. 

r.  c. 

Sec, 
Sec.  C. 
Co.  Ai. 


'An  Angle 
More 

Mukiplicatioii 
£qua]  to 
Divifion 
Lefs 

Triangle 
^  ftands  for  }  Sii>e 


tSinic  Complement  or  Co^Slne 
Tangent 
Tangent  Complement  or  Co-Tangent 
I  Secant 
Secant  Complement  or  Co-Secant 
I'  Complement  Arithmetic 
is  to,  or  to  the 
Lfo  is  as  thus,  2  . .  4  : :  3  .  •  6 
That  is,  as  %  is  to  4,  fo  is  3  to  6. 


GEO  ME- 


(5    > 


GEOMETRICAL    PROBLEMS. 


P  R  O  B  LE  M    L 

7odrm»a  Line  parallel  to  a  ^tvm  Line  AB,  at  arpfgh/ffi  Difiante^  asC 


JP 


\   /, 


•Tp  AKE  with  a  pair  of  Compafles  the 
"■•.  Deareft  Piftinoe  bctweeo  tlie  gireii 

Point  C  and  the  Line  A  B,  ":    "^  -^ 

With  that  Diftance  and  one  t*oot  of  the  Compafles,  anj  where  in 
the  Line  A  B,  draw  (on  that  Side  where  the  Poiat  C  Jieth)  the  Ard|^ 
Dy  from  the  Point  C  draw  a  Line  to  touch  the  Arcb  D»  and  it  ti^ 
done  'y  for  the  Line  C  D  is  parallel  to  die  Line  A  B,  ^vm  lequuedL 


PROBLEM 


IL 


To  bifeSi  or  divide  4.giv4n  Lfne  into  two  ifuahParts^ 

With  any  Diftance  (greater  thgn 
Half  the  given  Line  A  B)  and  one  Foot 
of  the  Compafles  on  Af  defcrible  the 
Arch  C  D  ;  with  the  fame  Diftance 
and  one  Foot  qr  B,  crofs  the  former 
Arch  in  C  aiid  D  ;  bje  C  and  D  -draw 
a  Line,  and  that  willdut  A  B  ixi  £  th$ 
Middle,  as  was  required. 


PROBLEM       IIL 

To  ereSi  a  Perpendicular  at  th^  ^nd  rf  a  given  t^m^  as  A  G. 

With  any  Diftance,  as  from  A  to  C  in 
your  Compafles,  and  one  Foot  In  C  de- 
scribe a  Circk,  fo  that  it  may  juft  touch 
the  End  of  the  given  Line  in  A,  from 
where  that  cuts  the  Line  at  G,  and  through 
C  draw  a  Lineto  cut  ihe  Circle  in  B,  from 
B  draw  the  Line  A  H,  which  will  be  the 
Perpendicular  required. 


Or. 


GEOMETRICAL    PROBLEMS.- 


Oc,  with  any  convenient  Diftance  in  your 
Compaffes  defcribe  an  Arch,  as  F  B,  fet  off 
tiie  fanoe  Diftancc  frona]  B  to  £,  yvith  one 
Foot  in  E  "defcribe  an  Arch,  and  with  the  ^1^ 
lime  Diftance,  and  one  P  oot  in  F,  defcribe 
an  Arch  to  cut  the  former  Arch  in  C,  from 
C  to  A  draw  a  Line,,  and  it  is  Jdone. ' ' 


y 


C 


E 


A    B 


"  PR    O    B    L    E    M       IV. 

From. a  Point  as  ^t  C,  io  ht  fall  a  Perpendicular m  the.  Line  K  B. 

With  one  Foot  in  C  defcribe  an  Arch  to  cut 
fhe  given  Line  in  A  B,  with  ohe  Foot  in  B  .de- 
fcribe an  Ajchj  and  with  the  fame  Radius,  and 
one  Foot  in  A,  ^efcribe  an' Arch  to  cut  the 
former  in  D^*  and  from  D  to  C  rfraw  a  Line, 
and  it  is  done  ;  for  C  ^  is  Perpendicular  to  A  B, 
as  was  required. 


PROBLEM 

'-^  To  make  Plane-' Angles. 

At  A.4n  the  Line  A  B,  to  make  a  Right 
Angje,^  ercfi  the  Perpendicular  A  C,  and 
it  is  done  j  for. the  Angle  B  A  C  i$  a  Right 
Angle  containing  90  Degrees.  Or,  <ief- 
cribe  an  Arch  from  B  to  C,  with  the  Chord 
of  6o%  and  fet  off  90^  from  B  to  Q  and  it 
is  done. 


V. 


9a  7mke  an  Angle  equal  to  any  given  Number  of  Degrees. 

Draw  the  Line  A  B,  and  take  always  a  Chord 
of  60**  from  the  Scale  in  your  Compaffes,  and 
with  one  Foot  in  A  defcribe  the  Arch  D  £  to 
cut  the  Line  A  B  in  D ;  take  any  Number  of 
Degrees,  fuppofe  42**  30',  from  the  Line  of  ^ 
Chords,   and  lay  it  upon  the  Arch  from  D  to  A  D     B 

E  ;  by  A  and  E  draw  the  Line  A  E  C,  and  it  is  done  j  for  the  An- 
gle B  A  C  is  an  Acute  Angle  containing  42**  30'. 


7> 


GEOMETRICAL    PROBLEMS. 

To  make  an  obtufe  JngU^qital  to  1 02*^  20'. 


Draw  the  Line  B  C/  and  (ipon  B  defcrlbe  an 
Arch  as  before^  Ivith  a  Chord  of  60%  to  cut  B  C 
in  E,  on  diat^rch  fet  off  E  G  icqual  to  90^,  from 
G  fet  off  I'f  20'  towards  F :  by  B  and  F  draw  the 
Line  B  F  D,  and  it  is  done  ;  for  the  Angle  C  B  D 
is  an  Obtufe  Angle  containing  i02*  20'  as  was  re- 
quired. 


In  like  Manner  an  Angle  may  be  made,  which  fhall  contaia  any 
Number  of  Degrees  required. 


PROBLEM       VL 

The  Angles  and  Hypothenufe  of  a  Right^AngUd  Triangle  givem,  to  find 
either  of  the  Legs* 

•  * . 

Given  the  Hypothenufe  121  Leagues,  the  Angle  oppofite  to  the 
Bafe  54**  30',  and  confequently  the  other  Angle  35*  30' j  the  Bafe 
and  Perpendicular  are  required. 

Draw  the  Lines  C  B  and  at 
C  make  an  Angle  equal  to  35^ 
30/,  by  drawing  the  Line  C  A, 
take  121  Leagues  in  your  Com« 
pafies  (from  any  convehient 
Scale  of  equal  Parts)  and  fet 
that  off  from  C  to  A  ;  from  A 
let  fall  the  Perpendicular  A  B, 
to  cut  the  Line  C  B,  and  it  is 
done,  for  A  B  being  meafured 

on  the  i^me  Scale,  will  be  70.25  Leagues,  and  C  B  g8.<  as  was  re- 
quired. ^    '^ 


PROBLEM       VIL 

The  Angles  and  one  Leg  of  a  Right.  Angled  Triangle  Being  given,   to 
find  the  Hypothenufe  and  other  Leg. 

Th^  Angle  A  C  B  33O  1 5^  Ae  Leg  B  C  274  Miles,  given  to  find 
the  Hypotlienule  and  the  otner  Leg  A  B. 

4  '\i>tv« 


GEOMETRICAL-  PROBLEMS; 


Draw  the  Bafe  B  C  equal  to 
^74>  ^po"  B  ere<a  the  Perpendi- 
cular B  A ;  from  C  draw  the  Line 
CA,  making  an  Angle  with  B  C 
of  33**  1 5'  to  cut  the  Line  B  A  in 
A,  and  it  is  done  s  for  A  C  be- 
ing meafured  on  the  fame  Scale 
that  B  C  was,  will  be  327,6 
Miles,  and  3  A  179.6  Miles,  as 
was  required. 


PROBLEM        Vm.    ' 
7he  Hypoth^nufe  and  one  l^eg^ivgn^  is  find  the  Angles  and  other  L^. 

The  Leg  A  B  69,  the  Hypothenufe  150,  gi^en  tofmi  the  Angles 
^nd  Leg  B  C. 

Draw  the  Baf?  B  C,  upon  ,    J\^ 
B  ereft  the  Perpendicular  B 

A,  upon  which  fet  ofF  69, 
take  I  jPAii  yotfT  CoinpafTes, 
and  with  one  Foot  on  A,  lay 
the  other  on  the  Bafe,  as  at 
C,  from  C  to  A  draw  aLin^, 
and  It  is  done  f  for  the  Angle 

B,  C  A  being  meafured  by  a 
Chord  of  60**  will  be  27°  23/,  which  being  fubtraScd  fiiom  90^  leaves 
the  Anglfe  A  62**  37',  and  the  Leg  B  C  J33,  as  was  required. 

PROBLEM       IX. 

The  Legs  given  to  find  the  Angles  and  Hypothenufe. 

The  Leg  A  B  980,  B  C  690,  given  to  find  the  Angle  B  A  C  or 
A  C  B,  and  the  Hypothenufe  A  C. 


GEOMETRICAL    PROBLEMS. 


9 


Draw  the  Bafe  B  C,  on  B  ere<a 
the  Perpendicular  A  B,  make  B  C 
equal  to  690,  aiid  B  A  980  s  from 
A  to  C  draw  a  Line,  and  it  is  done ; 
for  the  Angle  being  meafured,  as  be- 
fore, will  be  found  as  in  the  Figure, 
and  the  Hypothenufe  1198^  as  was 
required. 


PROBLEM       X. 

Two  Angles  and  one  Side  of  an  ObEque-angled  Triangle  given^  to  find 
either  of  the  oAer  Legs. 

.   The  Angle  B  D  C  lOi*"  25^  and  C  B  D  44*  42',  and  the  Leg 
B  C  76  given,  to  find  the  Sides  C  D  and  B  D. 

Draw  the  Line  B  C  equal  to  76, 
en  B  defcribe  an  Arch,  and  make 
the  Angle  C  B  D  44''  42^  add  the 
Angles  B  and  D  together,  diat 
Sum fubtrafted from  i8o*  fthc  Sum 
of  the  Three  Angles  of  every  Tri- 
gngle)  leavrs  the  Angl^  C  33**  53'; 
upon  C  defcribe  an  Arch,  and  msJce  the  Angle  BCD  eaual  to  33^ 
53'  by  drawing  C  D,  and  It  Is  done ;  for  the  fide  B  D  will  be  43,2. 
a^dD  C  54.5,  which  was  required. 


PROBLEM       XI. 

Two  Sides  and  an  jfngk  oppojite  to  one  of  them  giveny  to  find  the  other 
oppofite  Angle  and  the  third  Side. 

The  Side  B  C  106,  B  D  65  Miles,  and  the  Angle  C  31*  49' 
given,  to  find  the  Angle  D  and  Side  CD. 

Draw  the  Line  B  C  equal  to  106,  at 
C  make  an  Angle  of  31^  49'  by  draw- 
ing C  D,  take  65  in  your  Compafles, 
and  with  one  Foot  in  B,  lay  the  other 
upon  the  Line  CD  ia  D  s   draw  the 

S  him 


lo        GEOMETRICAL    PROBLEMS; 

Line  B  D,   and  it  is  done  ;  for  the  Angle  D  will  be  120°  43',  the 
Angle  B  27°  2i\  and  the  Side  D  C  56.91  as  was  required* 


PROBLEM        XIL 


^W9  Sidts  aHd  their  csntained  Angle^  ,gh^^  io  find  either  of  the  other 
Angles^  and  the  third  Side. 


The  Side  B  C  109,  B  D  76  Leagues,    and  Angle  C  B  D  101° 
given,  to  find  the  Angle  B  D  C,  or  B  C  D,  and  the  Side  C  D. 

Draw  the  Line  B  C  109,  and 
B  D,  fo  as  to  make  an  Angle 
with  B  C  of  loi^  30^,  which  make 
equal  to  76  ;  join  B  C  and  B  D 
with  a  Right,  Line,  and  it  is  done ; 
for  the  Angle  D  being  meafured  by 
the  Chord  of  60°,  will  be  ^f  32', 
Angle  C  jo''  58',  and  the  Side 
D  C  144.0,  as  was  required. 


30' 


PROBLEM       XIIL 

The  three  Sides  given^  to  find  the  Angles. 

The  Sides  B  C  105,  B  D  85,  and  C  D  50  Miles,  given,  to  find 
the  Angles  B  D  C,  B  C  D,  or  C  B  D. 

Draw  the  Line  B  C  equal  to  105, 
take  C  D  50  in  your  Compafles,  and 
with  one  Foot  in  C  defcribe  an  Arch 
as  at  D,  then  take  B  D  85  in  your 
Compafles,  and  with-one  Foot  in  B 

cut  the  former  Arch  in  D,  join  B  D  ^  B "  il    ios 

and  D  C,  and  it  is  done ;  for  the  Angle  B,  being  meafured,  will 
be  found  08^4',  Angle  C  53*^7',  which  being  added  together,  is 
81^  11',  their  Sum  fabtra<2ca  from  i8o,  leaves  Angle  D  gS""  49'  as 
was  required. 


PLANE 


(  II  ) 

PLANE     TRIGONOMETRY, 

OR    TH  E 
DOCTRINE  of  PLANE   TRIANGLES, 

TEACHES  the  Menfuration  of  Triangles,  by  comparing  the 
Sides  and  Angles  together  by  ki^own  Analogies  >  whereby 
Three  Things  being  given,,  a  Fqurth  may  be  fouiid  oi:  Condition 
that  one  of  them  be  a  Side ;  in  which.  Right  Lines  are  applied  to 
the  Arches  of  a  Circle,  that  the  Proportion  they  bear  to  the  Sides  of 
a  Plane  Triangle  may  be  found. 

The  Right  Lines  applied  to  a  Circle  are  Chords,  Sines,  Tangents, 
and  Secants. 

I. 

A  Chord  or  Subtenfe  of  an  Arch,  is  a  Right  Line  that  divides 
a  Circle  into  two  un-  T 

equal  Parts,  and  is  a 
Chord  to  them  both, 
as  A  S,  and  P  S, 

n. 

A  Right  Sine  of  an 
Arch,  isaLinedrawn 
from  one  End  or  Ter- 
mination of  an  Arch 
perpendicular  to  the 
Radius  ;  or  it  is  Half 
the  Chord  of  twice  the 
Arch  j  fo  that  R  S  is 
the  Sine  of  the  Arch 
S  A,  and  of  the  Arch 
SD,  the  Sum  of  which 
Arches  make  1 80°,  or 
a  Semi-circle* 

III. 
The  verfed  Sine  is 
that  Part  of  the  Dia- 
meter contained  be- 
tween the  Ri^t  Sine  E 

and  the  Arch;  wherefore  R  A  is  the  verfed  Sine  of  the  Arch  S  A, 
and  R  D  the  verfed  Sine  of  the  Arcb  S  D. 

IV. 

The  Tangent  of  an  /.^h  is  a  Right  Line  drawn  perpend  ieulaily 
from  one  End  of  th«  Diameter,  as  A  T. 


PLANE    TRIGONOMETRY. 


V. 


The  Secant  of  an  Arch  is  a  Right  Line  drawn  from  tUe  Cfntrc 
through  the  Circumference^  by  which  the  Tangent  i&  terminated  ^ 
wherefore,  C  T  js  the  Secant  of  the  Arches  S  A  and  S  jQ, 

VL 

The  Sinc^  Tangent,  &c.  of  the  Complement  of  any  Arch  is  called 
be  Co-Sinej  Co-Tangcntj  &c,  of  the  Arch  ;  Thus  H  S  is  the  Co* 
Sine,  and  B  G  the  Co-Tangent  to  the  Arch  A  S. 

Nme.  Sines,  Tangents,  and  SecatitSj  are  faid  to  be  fo  many  De- 
grees as  the  Arch  contains  Parts  of  360  Degrees ;  fo  that  the  Radius, 
'being  the  Sine  of  a  Qyadrantora  Fourth  Part  of  the  Circumference, 
contains  90  Degrees  :  Thus  the  Radius  is  always  equal  tp  the  Sine 
of  go  Degrees* 

From  thofe  Definitions  it  follows,  that  the  Chord  of  any  Arcl^ 
and  its  Supplement  to  a  Circle,  is  reprefented  by  the  fame  Line; 
vphercfore,  if  the  Chord  of  an  Arch  lefsthan  a  Semicircle  be  given, 
the  Chord  of  an  Arch  as  much  above  a  Semicircle  as  the  other  is  de- 
ficient^  is  a) fo  given.  From  Definitions  2d,  4th,  and  5th,  it  fol- 
lows, that  a n^  Arch  and  its  Complement  to  a  Semicircle  have  on^ 
Right  Sine,  Tangent,  and  Secant^  common  to  them  both.  Where- 
fore, the  Right  Sine,  Tangent,  and  Secant  of  an  Arch  lefs  than  a 
Quadrant,  is  the  fame  with  the  Right  Sine,  Tangent,  and  Secant 
of  :m  Arch  as  much  exceeding  a  Quadrant  as  the  former  is  defective  i 
and  from  Definition  the  3d,  it  follows,  that  the  verfed  Sine  of  an 
Arch  greater  than  a  Quadrant,  is  greater  than  the  Radius  ;  but  the 
verfed  Sine  of  aji  Arch  lefsthan  a  Quadrant,  is  lefsthan  the  Radius; 
and  the  Sum,  and  Difference  of  the  Radius  and  Co-Sine  of  any 
Arch,  Ihallbc  the  verfed  Sine  of  that  Arch,  and  its  Supplement  to 
a  Semicircle  \  for  D  C  +  C  R  =  D  R  the  verfed  Sine  of  the  Arcb 
D  S  i  and  A  C—  C  R,  is  the  verfed  Sine  of  the  Arch  A  S, 

By  comparing  the  fimilar  Triangles  C  R  S,  atid  C  B  G,  it  ap- 
pears, that  the  Co-Sine  of  an  Arch  is  to  the  Right  Sine,  as  the  Ra- 
dius is  to  the  Tangent  of  the  fame  Arch,  and  the  contrary;  foi" 
CR:RS::AC:CT- 

And,  that  the  Co^Sine  of  an  Arch  is  to  the  Radius,  as  the  Ra- 
dius is  to  the  Secant  of  the  fame  Arch,  and  the  contrary ;  for  R  C : 
SC::AC:CT. 

Hence  the  Radius  is  a  mean  Proportional  between  the  Co-Sine  and 
the  Secant  of  the  fame  Arch,  wherefore,  the  Co-Sines  and  Secants 
of  Arches  arc  reciprocally  proportional. 
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That  the  Right  Sine  of  an  Arch  is  to  the  Radius,  as  the  Tan- 
gent of  the  fame  Arch  is  to  its  Secant,  and  the  contrary ;  for  R  S  : 
S  C  ::  A  T  :  T  C. 

'  An^  the  Tangen|:  of  an  Arch  is  to  the  Radius,  ^s  the  Radiu§  is 
to  the  Cb-Tangent  of  the  fame  Arch,  and  the  contrary ;  for  T  A  : 
AC::CB:BG. 

Hence  the  Radius  is  a  mean  Proportional  between  the  Tangent 
and  Co-Tangent  of  an  Arch  ;  wherefore,  the  Tangent  of  Arches 
and  their  Co*Tangents  are  reciprocally  proportional. 

That  the  Tangent  of  an  Arch  is  to  the  Secant  of  the  fame  Arch 
as  the  Radius  is  to  the  Secant  of  its  Complement,  and  the  contrary  9 
for  AT:TC::CB:CG. 

The  Chords,  Sinc^^s,  Tangents,  and  Secants,  or  verfed  Sines  of 
fimilar  Arches,  are  in  Proportion  to  each  other,  as  the  Radii  of  thofe 
Circles. 

By  viewing  the  Figure,  it  will  appear,  that  if  the  longeft  Siik  of 
the  Triangle  C  R  S  be  made  the  Radius  of  a  Circle,  the  other  Sides 
Vfill  be  Sines  of  the  Angles  oppofite  to  them  ;  but  if  one  of  the  Sides 
containing  the  Right  Angle  be  made  Radius,  the  other  will  be  the 
Tangent  of  the  Angle  oppofite  to  it,  and  the  Hypothenufe,  or  longeft 
Side,  the  Secant  of  the^fame  Angle. 

Having  explained  the  Properties  of  a  Right-angled  Triangle  at 
Ibme  Length,  it  being  the  Foundation  of  Plane  and  Mercator's  Sari* 
ing,  we  mall  now  proceed  to  (hew  how  to  determine  the  feveri 
Lengths  of  the  Sines,  Tangents,  and  Secants  belonging  to  the  fc- 
yer^  Arches,  anfwering  to  every  Degree  and  Minute  of  the  Qua- 
drant, in  Parts  of  the  Radius  firft  given,,  and  how  to  lay  them  dow^ 
pii  the  Plaqe  JSc^e. 


THE 


THE 

FUNDAMENTAL    PROJECTION 

OF    THE     LINES     OF 

Sin^s^    Tangents  and  Secants,    on  the  Plane  Scale* 

iffi^  XT  7  I  T  H  the  Radius  you  intend  for  your  Scale  defcribe  a 
V  V  Semicircle  A  D  B  C,  and  upon  the  Centre  C  raife  the 
Perpendicular  C  D^  (which  will  divide  the  Semicircle  into  two* 
Quadrants,  A  D,  B  D)  continue  C  D  diredly  to  S,  and  upon  B 
raife-  the  Perpendicular  B  T,  then  draw  the  Right  Lines  B  D  and 
AD, 

.  2dly.  Divide  the  Quadrant  B  D  into  9  equal  Parts,  then  will  each 
^f  thefe  be  10  Degrees.  Again,  you  may  fubdi vide  each  of  thefe 
Parts  into  fingle  Degrees :  And  thefe  again,,  if  your  Radius  will- 
admit  of  it,  into  Minutes,  or  fome  Aliquot  Parts  of  a  Degree  greater 
thai!  Minutes, 

.  3dly.  Set  one  Foot  of  the  Compafles  in  B,  and  transfer  each  of 
the  Divifions  in  the  Quadrant  B  D  to  the  ^ght  Line  B  D  5.  then 
is  B  D  a  Line  of  Chords. 

4thly»  From  the  Points  .10,  20,  30,  &c.  in  the  Qiiadrant  B  D, 
draw  Right  Lines  parallel  to  C  D  till  they  cut  the  Radius  C  B  ;; 
then  is  the  Line  C  B  divided  into  a  Line  of  Sines,  which  muft  be 
numbered  from  C  towards  B, 

5thly.  If  the  fame  Line  of  Right  Sines  be  numbered  from  B  to- 
wards C>  it  will  become  a  Line  of  verfed  Sines  ;.  which  may  be  con-- 
tinued  to  280°,  if  the  fame  Divifions  be  transferred  on  the  other 
Side  of  the  Centre  C, 

6thly.  From  the  Centre  C,  through  the  feveral  Divifions  in  the 
Quadrant  B  D,.  draw  Right  Lines  till  they  cut  the  Tangent  B  T  ^ 
to  will  the  Line  B  T  become  a  Line  of  Tangents. 

7thly.  Setting  one  Foot  of  the  Compafles  in  C,  extend  the  other 
to  the  feveral  Divifions,  10,  20,  30,  &c.  in  the  Tangent  Line  B  T, 
.  and  transfer  thefe  Extents  feverally  into  the  Right  Line  C  S,    thea 
yvill  the  Line  C  S  be  a  Line  of  Secants. 

8thly.  Right  Lines  ^rawn  from  A  to  the  feveral  Divifions,  10^ 
20,  30,  &c.  in  the  Quadrant  B  D,  will  divide  the  Radius  C  D  into 
a  Line  of  Semitangcnts.. 

gthly.  Divide  the  Quadrant  A  D  into  8  equal  Parts,  and  from  A 
transfer  thefe  Divifions  feverally  intolhe  Line  A  D  ;  then  is  A  D 
3  Line  of  Rhumbs,  each  Divifion  anfwering  to  11°  15'  upon  the 
Line  of  Chords.     The  Ufe  of  this  Line  is  for  protrafting  and  mea-» 
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The  Fundamental  Projectio^^,  &^        ^j 

Turing  of  Angles  according  to  the  common  Divifions  of  the  Mariner's 
Compafs.  If  the  Radius  A  C  be  divided  into  lOo  or  roco,  &c*. 
«qual  Parts,  and  the  Lengths  of  the  feveral  Sines,  Tangents,  and 
Secants,  correfponding  to  the  feveral  Arches  of  the  Quadrant,  be 
meafured  thereby,  and  tliefe  Numbers  be  fet  down  in  a  '1  able,  eack 
in  its  proper  Column,  you  will  by  this  Means  have  a  Triangular 
Canon  of  Numbers,  by  which  the  feveral  Cafes  in  Trigonometry 
may  he  refolved.     The  Right  Lines  graduated  as  above,    being 

¥'  laced  feverally  upon  a  Ruler^  form  the  Inftrument  called  die 
lane  Scale  ;  by  which  the  Lines  and  Angles  of  all  Triangles  may 
be  meafured.  All  Right  Lines  (as  the  Sides  of  Plane  Triangles,  &c* 
when  they  are  confidered  fimply  as  fuch,  without  having  any  Rela- 
tion |to  a  Circle)  are  meafured  by  Scales  of  equal  Parts ;  one  of  whick 
is  fubdivided  equally  into  lo^  and  this  ferves  as  a  common  Divifioa 
to  all  the  reft.  In  moft  Scales  an  Inch  is  taken  for  a  commoa 
Meafure,  to  determine  their  Largenefs  and  Number  of  Parts  :  what 
an  Inch  is  di^i<led  into,  is  generally  fet  at  the  End  of  the  Scal^  as 
in  the  Scales  A,  B,  and  C"*,  the  Numbers  lo,  20,  30,  (hew  that  (9 
many  Parts  of  the  Scales  A,  B,  C,  are  contained  in  an  Inch.  By 
any  Scale  of  eqi^al  Parts  divided  as  qbove,  any  Number  lefs  than  100 
may  be  readily  taken  ;  but  if  the  Number  mould  confift  of  Three 
Places  of  Figures,  the  Value  of  the  Third  Figure  can  only  be  guelTed 
at :  wherefore,  in  thefe  Cafes,  it  is  better  to  ufe  fuch  a  Scale  as  D, 
trailed  a  Diagonal  Scale,  by  which  any  Number  of  Three  Figures 
may  be  exa61:ly  found. 

Having  prepared  a  Ruler  dF  convenient  Breadth  for  yoar  Scalci 
{which  may  be  art  Inch  more  or  lefs)  Firft,  near  the  Edges  thereof 
draw  Two  Right  Lines  af^  cg-y  parallel  to  each  other  ;  then  divide 
one  of  thefe  Lines  as  af^  into  equal  Parts,'  according  to  the  Large- 
nefs you  intend  your  Scale ;  and  through  each  of  thefe  DivifionS 
draw  perpendicular  Right  Lines  as  far  a^  the  Line  tg^  next  divide 
the  Breadth  into  lO  equal  Parts  -,  and  through  each  of  thefe  Divifions 
draw  Right  Lines  parallel  to  the  former  a  f  and  c  g  ;  again,  divide 
the  Length,  a,  b,  c,  d,  each  into  10  equal  Parts;  and  from  the 
Point  d  to  the  firft  Divifion  in  the  Line  A  B,  draw  a  Right  Line  j 
then,  parallel  to  that  Line,  draw  Right  Lines  through  all  the  other  , 
Divifions,  and  the  Scale  is  done. 

Befidcs  the  Lines  already  mentioned,  there  is  another  on  the  Plane 
Scale  marked  M  L,  vvhich  is  joined  to  a  Line  of  Chords  ;  and  fhews 
how  many  Miles  Eafting  or  Wefting  make  a  Degree  of  Longitude 
in  every  Latitude ;  thefe  feveral  Lines  are  generally  put  on  one  Side 
of  a  Ruler  2  Feet  long  ;  and  on  the  other  Side  arc  laid  down  a  Scale 
of  the  Logarithms  of  the  Sines,  Tangents,  and  Numbers,  which  is 
commonly  called  Gunter's  Scale  j  and  as  it  is  of  general  Ufe,  it  re- 
quires a  particular  Dcfcription* 
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GUNTER's  Scale,   hath  fctupon  it  thefe  Eight  Lines  foU 
lowing. 

I  ft.  Sine  Rhumbs  (marked  S  R)^  is  a  Line  which  contains  the 
Logarithm  of  the  Sine  of  every  Degree,  Point,  and  Quarter  Point 
of  the  Mariner's  Compafs,  figured  from  the  Left  Hand  towards  the; 
Right,  with  I,  2,  3,  4,  5,  6,  7,  to  8,  where  is  a  Brafs  Pin^  and 
where  it  can,    it  is  divided  into  Halves  and  Quarters. 

2d.  Tangent  Rhumbs  (marked  T  R)  alfo  correfponds  to  the  Lo- 
garithm of  the  Tangent  of  every  Degree  of  the  faid  Compafs,  and 
k  figured.!,  7,  3^  4,  at  the  Centre,  where  is  a  Pin,  and  from  thence 
towards  the  Left  Hand  with  5,  6,  7,  it  is  alfo  divided,  where  it  can^ 
inta  Halves  and  Quarters. 

3d.  The  Line  of  Numbers  (marked  Num.)  contains  the  Loga- 
rithm of  the  Numbers,  and  is  figured  thus ;  near  the  Left  Hand  End 
it  begins  at  i,  and  towards  the  Right  Hand  is  2,  3,  4,  5,  6,  7,  8,  9  ; 
«hcn  I  is  the  Middle,  at  which  is  a  Brafs  Centre  Pin,  going  ftill  on 
^>  3»  4»  5>  6,  7,  8,  9,  and  10  at  the  End,  where  is  another  Centre 
Pin :  (As  this  Line  is  generally  ufed,  it  requires  a  larger  Defcription) 
The  firft  1  may  be  counted  for  i,  or  10,  or  100,  or  iooo>  and  then 
the  next  2  is  accordingly  2,  or  20,  or  200,  or  200Q,  &c.  Again^ 
the  firft  i  may  be  reckoned  for  i  Tenth,  or  i  Hundreth,  or  i 
Thoufandth  Part,  &c.  then  the  next  is  2  Tenth,  or  2  Hundredth,  or  2 
Thoufandth  Parts,  &c.  fo  that  if  the  firft  i  be  efteemed  i,  the  Mid- 
dle I  is  then  10,  and  2  to  its  Right  is  20,  3  is  30,  4  is  40,  and  10 
at  the  End  is  100 ;  again,  if  the  Firft  i  is  10,  the  next  2  is  20,  j 
is  30^  and  fo  on,  making  the  Middle  i  now  100,  the  next  2  is  200, 
3  is  300,  4  is  400,  and  10  at  the  End-  is  now  looo.  In  like  Man- 
ner if  the  Firft  i  be  efteemed  1  Tenth  Part,  the  next  is  2  Tenth 
Parts,  and  the  Middle  i  is  i,  and  the  next  2  is  2,  and  10  at  the 
End  is  now  10.  Again,  if  the  l«  irft  i  be  counted  i  Hundredth  Part, 
die  next  is  2  Hundredth  Parts,  the  Middle  1  is  now  10  Hundredth 
Parts  or  i  Tenth  Part,  and  the  next  2  is  2  Tenth  Parts,  and  10  at 
the  End  is  now  but  one  whole  Number  or  Integer. 

As  the  Figures  arc  increafed  or  diminifhed  in  their  Value,  fo  in 
like  Manner  muft  all  the  intermediate  Strokes  or  Subdivifions  be 
increafed  or  decreafeJ  i  that  i?,  if  the  Firft  i  (at  the  Left  Hand)  be 
counted  i,  then  2  (on  the  Right  Hand  of  it)  is  2  j  and  each  Sub- 
divifton  between  them  now  is  i  Tenth  Part,  and  fo  all  the  Way 
to  the  Middle  j,  which  now  is  10,   the  next  2  is  20}   now  the 

longer 
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longer  Strokes  between  1  and  2  are  to  be  counted  from  i  thus  :  1 1, 
12,  (where  is  a  Brafs  Pin)  then  13,  14,  15,  (fometimcs  a  longer 
Stroke  than  the  reft)  then  16,  17,  18,  19,  and  20  at  the  Figure  2  ; 
and  all  the  (horter  Strokes  between  thole  longer  are  now  each  to  be 
counted  for  a  Tenth  Part,  from  the  Middle  i  to  the  next  2,  now 
20,  from  whence  the  longer  Strokes  between  the  Figures  are  Unlts^ 
thus  21,  2i,  23,  &Ci  to  3,  which  now  is  30,  and  the  fliorter  Strokes 
betwieen  them,  each  now  is  a  Tenth  Part  of  an  Integer ;  from  3,  each 
ihort  Stroke,  or  little  Divifion,  is  5  Tenth  Parts  of  an  Unit. 

Againj  if  one  at  the  left  Hand  be  lOj  the  Figures  between  it  and 
the  Middle  one  are  common  Tens }  andtheSubdivifions,  between  each 
Figure,  are  Units  :  from  the  Middle  1  to  10  at  the  £nd,  each 
Figure  is  To  many  Hundreds  j  and  between  thefe  Figures  each  longer 
t)ivirion  is  10  ;  from  the  Middle  1  to  2,  each  lefs  Divifion  is  2 
Units  ;  and  from  2  to  the  End,  each  fliDrter  Stroke  is  5  Units. 

From  this  Defcription  it  wiU  be  eafy  to  find  the  Divifions  repre- 
senting a  given  Number^  thus  :  Suppofe  the  Point  reprefenting  the 
Number  12  was  required  ;  take  the  Divifion  at  the  Figure  I  in  the 
Middle  for  the  Firft  Figure  of  i2j  then  for  the  Second  Figure  count 
2  "Qpnths,  or  longer  Strokes,  to  the  Right  Hand,  and  this  Laft  is 
the  Point  reprefenting  12. 

Again,  fuppofethe  Number  22  was  required,  the  Firft  Figure  be- 
ing 2,  I  take  the  Divifion  to  the  Figure  2  for  it,  and  for  the  Second 
Figure  2  count  2  Tenths  onwards,  and  that  is  the  Point  reprefent- 
ing 22. 

Again,  fuppofe  1728  Was  required  5  for  the  Firft  Figure  i,  I  take 
the  Middle  i,  for  the  Second  Figure  7,  cdunt  onward  as  before,  and 
that  is  1700  ;  then  for  the  ist,  the  Third  Figure,  count  2  Tenths 
from  the  Laft,  and  itreprefents  1726;  laftly,  for  the  Fourth  Figure 
6)  eftimate  8  Tenths  of  the  next  fmall  Divifion,  or  a  little  lefs  than 
io,  thisPtiint^  laft  found,  reprefents  1728. 

Required  the  Point  reprefenting  the  Number  435  ?  From  the  4  in 
the  Second  Interval^  countj  towards  5  on  the  Right,  three  of  the 
larger  Divifions  and  one  of  the  fmaller,  and  that  will  be  the  Divifion 
exprefling  455  ;  and  the  like  of  other  Numbersj  which,  by  a  little 
Praftice,  is  readily  done. 

All  Fraflions^  found  in  this  Line,  muft  be  Decimals  ;  and  if  they 
are  not,  they  muft  be  reduced  into  Decimals,  which  is  eafily  done 
by  extending  the  Compaffes  from  the  Denominator  to  the  Numerator ; 
that  Extent  laid  upon  i  in  the  Middle  will  reach  to  the  Decimal  re- 
quired. 

Example,  required  the  Decimal  Fra<Slion  equal  ta  |  ?  Extend  from 
4  to  3,  that  Extent  will  reach  from  i  in  the  Middle  to  ,75  towards 
the  Left  Hand  j  the  like  may  be  obferved  of  any  other  Vulgar 
Fra(^on* 
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Multiplication  is  performed  on  this  Line  by  extending  from  i  to 
the  Multiplier ;  that  Extent  will  reach  from  the  Multiplicand  to  the 
Produa: 

Suppofe,  for  Example,  it  was  required  to  find  the  Prbdu£l  of  i6 
multiplied  by  4:  Extend  from  one  to  4,  that  Extent  will  reach  from 
16  to  64,  the  Produft  required.  n 

Dtvifion  being  the  Reverfe  of  Multiplication,  therefore  extend 
fironi  the  Divifor  to  i,  that  Extent  will  reach  from  the  Dividend  to 
the  Quotient. 

Suppofe  64  is  to  be  divided  by  4,  extend  from  4  to  i,  that  Extent 
will  reach  from  64  to  16,  the  Quotient.  The  fame  witl;i  any  other 
Numbers* 

Proportion,  or  the  Rule  of  Three,  being  performed  by  Multipli- 
cation and  Divifion,  therefore  extend  from  the  Firft  Term  to  the  Se- 
cond; that  Extent  will  reach  from  the  Third  to  the  Fourth. 

Example,  If  the  Diameter  of  a  Circle  be  7  Inches,  and  the  Cir- 
cumference 22,  what  is  the  Circumference  of  another  Circle  the  Dia- 
meter of  which  is  14  Inches? 

Extend  from  7  to  22,  that  Extent  will  reach  from  14  to  44,  the 
Circumference  required.  ^ 

In  like  Manner  may  any  other  Proportion,  of  any  Denomiiuui^t 
be  worked,  which  makes  this  Line  of  general  Ufe,  particularly  in 
n^afiiringof  Superfices  and  Solids,  which  is  done  by  extending  from 
I  to  the  Breadth,  that  Extent  will  reach  from  the  Length  to  the  Su- 
perficial Content. 

Example,  fuppofe  a  Plank  or  Board,  15  Inches  broad,  and  27  Feet 
long,  the  Content  of  which  is  required. 

Extend  from  i  to  i  Foot  3  Inches,  that  Extent  will  reach  from 
27  Feet  to  33,75  Feet  the  Superficial  Content ;  or  extend  from  12 
Inches  to  15  Inches,  that  Extent  will  reach  from  27  Feet  to  33,75 
Feet. 

The  Solid  Content  of  any  Bale,  Box,  Cheft,  &c.  is  found  by  ex- 
tending from  r  to  the  Breadth,  that  Extent  will  reach  from  the  Depth 
to  a  Fourth  Number;  and  the  Extent  from  i  to  that  Fourth  Number 
-  will  reach  from  the  Length  to  the  Solid  Content. 

Example  ift.  What  is  the  Content  of  a  Square  Pillar,  whofe 
Length  is  21  Feet  9  Inches,  and  Breadth  i  Foot  3  Inches  ? 

The  Extent  from  i  to  1,25  will  reach  from  1,25  to  1,56,  the 
Content  of  i  Foot  in  Length ;  again,  the  Extent  from  i  to  1,56 
will  reach  from  the  Length  21,75  to  33,8,  the  Solid  Content  in 
Feet. 

Example  2d.  Suppofe  a  Square  Piece  of  Timber  1,25  Feet  broad, 
,56  deep,  and  36  Feet  long,  be  given,  to  find  the  Content :  Extend 
from  I  to  1,25,  that  Extent  will  reach  from  ,56,  to  ,7  ;  then  extend 
from  I  to  ,7,  that  Extent  will  reach  from  36  to  25,2,  the  Solid 
Content.  In  like  Manner  may  the  Contents  of  any  Bales,  &c.  be 
found,  which,  divided  by  40,  will  give  the  Tonage. 

3d.  The 
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3d.  The  Line  of  Sines  (marked  Sines)  begins  at  the  Left  Hand, 
and  is  Figured  thus:  i,  2,  3,«&c.  to  10 ;  then  20,  30,  40,  &c.  to 
90,  ending  at  the  Right  Hand,  where  is  a  Brafs  Centre  Pin : 
Thefe  Figures  neVer  chan'ge  their  Value  or  Denomination,  being 
here  (and  in  all  Lines  under  it)  called  Degrees* 

4th.  Jhe  Line  of  verfed Sines  (marked  v.  S.)  begins  at  the  Right 
Hand,  agairtft  90  in  die  Sines,  and  from  thence  Figured  towards 
the  Left  Hand,  thus  :  10,  20,  30,  40,  &c.  ending  at  the  Left  Hand 
End  about  169  Degrees  ;  each  of  the  Subdivifions,  from  10  to  30, 
are  2  Degrees  5  from  thence  to  90,  (it  is  fingle  Degrees)  and  from 
thence  to  the  End,  each  Degree  is  divided  into  15  Minutes* 

5thl  The  Line  of  Tangents  (marked  Tan.)  begins  at  the  Left  Hand 
as  the  Sines  do;  from  thence  it  is  Figured  to  the  Right  Hand,  thus  : 
I,  2,  3,  &c.  to  10,  and  fo  on  20,  30,  40,  and  45  at  the  Right  Hand, 
where  is  a  little  Brafs  Centre  Pin,  juft  under  and  even  with  qjO  ij^the 
Sines :  from  thence  back  again  it  is  Figured  50,  60,  70,  8e,  &c.  to 
89,  ending  at  the  Left  Hand  where  it  began  at  i  Degree.  The 
Subdivifions  of  this  Line  are  the  feme  as  thofe  of  the  Sines. 

6th.  The  Line  cf  Meridional  Parts  (marked  Mer.)  begins  at  the 
Right  Hand,  and  is  numbered  thus  ;  10,  20,  30^  to  the  Left  Hand, 
where  it  ends  at  87  Degrees.  This  Line,  with  the  Line  of  Equal 
Pai  ts  (marked  E .  P. )  under  it,  areufed  together,  and  only  in  Mercator*s 
Sailing.  The  uppermoft  Line  contains  the  Degrees  c^  the  Meridian 
or  Latitude,  in  a  Mercator's  Chart ;  and  the  lower  is  the  Equator, 
^d  contains  the  Degrees  of  Longitude. 
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LOGARITHMS, 

LOGARITHMS  are  a  Series  of  Numbers^  invented  by  Lori 
Napier,  a  Scotch  Nobleman,  by  which  the  Work  of  Multipli-? 
cation  may  be  performed  by  Addition  ;  and  the  Operation  of  Diviliotx 
may  be  don'e  by  Subtradlion ;  for  if  the  Logarithm  of  the  Multipli- 
cand be  added  to  the  Logarithm  of  the  Multiplier,  that  Sum  will  bo 
the  Logarithm  of  the  Produft  ;  and  if  from  the  Logarithm  of  the 
Dividend  you  fubtract  the  Logarithm  of  the  Divifor,  the  Remainder 
will  be  the  Logarithm  of  the  Quotient.  Again,  if  the  Logarithm 
of  any  Number  be  divided  by  2,  the  Quotient  will  be  the  Logarithm 
of  the  Square  Root  of  that  Number ;  or  if  the  Logarithm  of  any 
Number  be  divided  by  3>  the  Quotient  will  be  the  Logarithm  of  the 
Cube  Root  of  that  Number. 

In  the  firft  Page  of  the  Tables  you  will  find  the  Logarithm  of  the 
Numbers  from  i  to  120,  which  are  continued  to  10,000.  To  find 
the  Logarithm  of  any  Number  proceed  thus  :  ifl:.  If  the  Number  be 
lefs  than  100,  fuppofe  45,  lool^  for  45  in  the  Column  marked  N^; 
oppofite  to  which  is  1.6532 1,  the  Logarithm  required.  Again,  fup- 
ppie  the  Logarithm  741  is  wanted,  look  for  741  in  (he  Column  mark- 
ed N°:  oppofite  to  that  182.86982,  the  Logarithm  5  but  if  the  Num- 
ber confifts  of  more  than  3  Places,  fuppofe  5738,  find  the  firft  3  Fi- 
gures 573  in  the  Column  marked  N^.  and  right  oppofite,  under  8,^ 
itands  2.75876  i  but  as  the  Number  is  above  3  Places  of  Figures,, 
the  Figure  2  or  Index  muft  be  called  3,  and  then  it  will  ftand  thus, 
3.75876,  the  Logarithm  required.  On  the  contrary,  wben  a  Loga- 
rithm is  given  to  find  the  Number  belonging  to  it,  look  among  the 
Logarithms  for  theneareft  to  it,  oppofite  to  which  in  the  Column  of  N*^. 
will  be  found  the  Number  required.  Suppofe,  for  Example,  the  Lo- 
garithm 2.75662  was  given,  I  find  the  neareft  to  it  in  the  Table  is 
275664;  oppofite  to  that  is  571^  the  Number  required.  Again,^ 
fuppofe  the  Logarithm  3.74763  was  given  to  find  its  Number,  look- 
ing in  the  Table  I  find  neareft  thereto  under  3,  and  oppofite  to  559  ^ 
now  becaufc  the  Index  is  3,  I  call  it  5593,  which  is  the  Number  re- 
quired ;  for*" when  the  Number  is  under  10  the  Index  is  always  o  ;^ 
from  10  to  100  the  Index  is  i  ;  from  too  to  looo  the  Index  is  2^ 
from  1000  to  lOjOOO  the  Index  is  3;  from  10,000  to  190,000  the 
Indt:.  is  4,  &c.     - 

To  find  the  Logarithm  of  an  ahj^ute  Number  and  a  Dedmah 

If  the  Decimal  confifts  of  one  Place,  and  the  whole  Number  be  un- 
der 100,  look  for  the  Whole  Number  and  Decimal  as  if  it  was  an  ab- 
folute  Number  in  the  Column  of  Numbers,   oppofite  to  that  will 
be  the  Logarithm  required,   obferving  to  feparate  t;he  laft  Figure  ia 
.  '  the 
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the  Nun^er  for  a  Decimal,  and  to  call  the  Index  i  if  above  lo  and 
vnder  lOO  ;  but  if  under  lO  the  Index  o.  Required  the  Loga* 
rithmof  57,5?  oppofite  to  57518  2,75967,  calling  the  Index  1  it 
will  be  1.75967,  the  Logarithm  of  57,5. 

Having  the  Logarithm,  the  Number  is  found  by  the  Inverfe  of  the 
above,  as  for  Example  : 

Required  the  Number  anfwering  to  the  Logarithm  2,98798? 
Looking  in  the  Table  I  find  that  Logarithm  under  (7)  and  oppofite 
972,  therefore  972,7  is  the  Number  (ought. 

When  there  are  two  Places  of  Decimals,  find  the  Whole  Num- 
ber, and  the  firft  Place  of  the  Decimal  in  the  Column  of  N°.  as  be- 
fore, and  the  laft  Figure  in  the  Column  marked  i  |  2  |  3  |  &c^ 
above,  and  at  the  Angle  of  Meeting  will  be  the  Logarithm  required. 
Example,  Required  the  Logarithcp  of  44,49  ?  look  for  444,,  and 
Right  oppofite,  under  g,  is  2.64826,  making  the  Index  i  lit  w'\]l  be 
1,64826,  the  Logarithm  of  44,49 :  having  the  Logarithm,  the  Num- 
ber is  found  as  before. 

Example,  Required  the  Number  anfvvering  to  the  Logarithm 
0.75450  ?  looking  in  tlte  Table  I  find  that  Logarithm  under  2,  and 
oppofite  568  in  the  Column  of  Numbers;  now  as  the  Index  is  (o) 
the  5  only  is  a  Whole  Number,  and  68,  fet  before  the  2  above^  wifl 
make  the  Decimal  682,  confequently  the  Number  is  5,682. 

To  fad  the  Logarithm  of  the  Sine^  Tangent^  or  Secant^  belonging  to  anf 
Number  of  Degrees  and  Minutes  required^ 

If  the  required  Degrees  be  lefs  than  45,  feek  the  Degrees  on  the; 
Top,  and  the  Minutes  in  the  Left  Hand  Column  Marked  M,  againft 
yrhich  in  the  Column  figned  at  the  Top  u^ith  the  propofed  Name, 
ftands  the  Sine,  Tangent,  and  Secant  required  ;  but  when  the  De- 
grees given  are  more  than  45,  feek  the  Degrees  at  the  Bottom,  and 
the  Minutes  in  the  Right  Hand  Column  marked  M  at  the  Bottom, 
and  the  propofed  Name  at  the  Bottom.  Here  it  may  be  obferved, 
that  the  Degrees  at  the  Top  and  Minutes  at  the  Left  Hand  Column, 
added  to  the  Degrees  at  the  Bottom  and  Minutes  jn  the  Right  Hand 
Column,  always  make  90°  \  hence,  if  a  Sine  be  looked  for,  the  Com- 
plement to  it  will  be  found  in  the  adjoining  Column  \  the  fame  of 
Tangents  and  Secants. 

Example  ift.  Required  the  Logarithm  of  the  Sine  28°  37'? 

Find  28®  at  the  Top  of  the  Page,  and  in  the  Left  Hand  Column 
marked  M  at  the  Top  find  37,  againft  which  in  the  Column  marked 
with  the  Word  Sine,  ftands  9.68029,  the  Logarithm  of  the  Sine  of 
5t8°  37'  required  ;  the  fame  may  lleobfervcd  of  Tangents  and  Secants. 

Example  2d.  Required  the  Logarithm  of  the  Tangent  of  67^  45'  ? 

Find  67°  at  the  Bottom  of  the  Page,  and  45  in  the  Right  Hand 
Column  marked  M  at  the  Bottom,  a^inft  this  in  the  Column  mark-- 
ed  Tangent  at  the  Bottom,  Ijtands  10.38816,  which  is  the  Logarithm 
fc  qui  red. 

Haviti^ 
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Having  the  Sine,  Tangent,  orSeeant,  the  Co-Sine,  Co-Tangcntji* 
and  Co-Secant  are  always  found  in  the  adjoining  Columns. 

The  Logarithm  of  any  Number  of  Degrees  above  90°  is  found  by 
fcblradting  the  given  Degrees  frona  180%  and  taking  the  Logarithm 
of  the  Reniainder. 

To  find  the  Complement  Arithmetic  of  any  Logarithm  given. 

The  Complement  Arithmetic  of  a  Logarithm  is  what  it  wants  of 
10.00000,.  or  20.00000^  and  is  ufed  to  avoid  Subtradion  ;  for  find- 
ing it  this  Is  the  Rule  >  take  the  Refidue  or  Remainder  of  the  firft  Fi- 
gure to  9^,  and  fo  of  the  Reft  until  you  come  to  the  laft  Figure,  of 
which  take  its  Remainder  under  10,  and  it  is  done. 

Example  ift.  I  would  have  the  Complement  Arithmetic  of 
9362595  ? 

For  the  Ffrft  Figure  9  wrke  o  ;  for  6,  3  ;  for  2^  7  j  for  5,  4  ;  for 
9^  Oj  and  for  the  laft  Figure  5  write  5 ;  and  fo  you  have  0.3^74053^ 
for  the  Complement  Arithmetic  fought^         ^ 

Example  2d.  The  Complement  Arithmetic  of  20.33133  ? 

For  o,  (always  rejefting  the  firft  Figure,  when  there  are  two  Fi- 
gures in  the  Charaderiftic)  write  9,  and  fo  on  as  before  direfted,^ 
and  then  you  will  have  9.66867,  which  is  the  Complement  Arith-. 
metic  of  20.33133. 

Orthn? : 


From  10.00000 

Take  9-62595 


Comp.  Arith.  required    0.37405 


From  ao.ooooo 

Take  ^o-33^3T 

Comp.  Arith.  required   9.66867 


The  Logarithm  for  Degrees,  Minutes^  and  Seconds  is  found  by 
taking  the  Difference  between  the  next  greater  and  lefler  Logarithm  v 
and  feying,  as  60'^:  is  to  that  Difference  ::  fo  is  the  Seconds  given  : 
to  a  fourth  Number,  which  fourth  Number  being  added  to  the  Right 
Hand  of  the  next  lefs  Logaiithm  gives  the  Logarithm  required.  By 
the  Reverfe  of  this,  when  the  Logarithm  is  given,  the  Seconds  may 
be  found. 

But  if  the  given  Seconds  be  f ,  4,  |,  or  nearly  any  other  even  Parts 
of  a  Minute,  the  like  Parts  may  be  taken  of  the  Difference  of  the 
Logarithms,  and  added  to  the  next  lefs  Logarithm,  and  that  will 
fee  the  Logarithm  of  the  Degrees,  Minutes,  and  Parts  of  a  Mi- 
ntite  required. 

The  fame  may  be  obferved  of  Natural  Sines- 

The 
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'    The  following  Things  relating  to  Plane  Trigonometry  (hould  be 
^ell  undcrftood. 

.    Notwithftanding  what  has  been  faid  in  Geometry,  it  may  not  be 
here  improper  to  obferve, 

A  Plane  Triangle  is 
iany  three  Corner'd  Fi- 
gure bounded  by  three 
Right  Lin^s,  andcon- 
fifts  of  fix  Parts,  three 
Sides  and  three  Angles. 
The  Angles  of  every 
Plane     Triangle     are 
meafured  by  an  Arch 
of  a  Circle,  defcribed 
on  their  Angular  Point 
with  the  Chord  of  60 
Degrees,   and  are  faid 
to  be  greater  or  lefs  ac- 
cording to  the  Num-, 
ber  of  Degrees  con-' 
tained.  between   their' 
L^gs;  but  the  Sides  or 
Legs  are  always  mea- 
fured   by   a   Scale   of 
equal  Parts. 

A  Degree  is  the 
360th  Part  of  the  Cir- 
cumference of  any  Cir- 
cle. 

All  Circles,  whether  great  or  fmati,   are  divided  into  360  equal 
Parts,   called  Degrees  ;  and  each  Degree  into  60  equal  Parts,  called 
Minutes  j  and  each  Minute  into  60  equal  Parts  called  Seconds,  &c. 
A  Semicircle  is  180  Degrees,   and  a  Quadrant  contains  90  De- 
grees. 

A  Right  Angle  contains  90  Degrees ;  an  Obtufe  Angle  more  than 
90 ;  and  an  Acute  Angle  lefs  than  90  Degrees. 

.  The  Three  Angles  of  every  Plane  Triangle  contain  180  De- 
grees. 

In  a  Right  Angled  Triangle,  the  Right  Angle  contains  gjD  De- 
grees, and  the  two  Acute  Angles  90  Degrees  between  them  ;  there- 
fore, if  one  of  the  Acute  Angles  in  a  Right  Angled  Triangle  be  gi- 
ven, the  other  Angle  is  found  by  fubtrafting  the  given  Angle  from 
90  Degrees. 

When  one  of  the  Angles  in  any  Plane  Triangle  is  given,  the 
Sum  of  the  other  two  Angles  is  found  by  fubtra(Sing  the  given  An- 
gle from  180  Degre'es  ;  and  if  two  Angles  are  given,  the  Third  is 
found  by  fubtrafting  the  Sum  of  the  given  Angles  from  180  De*. 
grees. 
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The  Complement  of  an  Angle  is  what  it  wants  of  90  Degfees* 

The  Supplement  of  an  Angle  is  what  it  wants  of  180  Degrees. 

The  Chord  of  6o%  Sine  of  90%  and  Tangent  of  45°  are  equals 
and  each  of  them  is  alfo  equal  to  the  Radius* 

The  Co-Sine,  Co^Tangent,  and  Co-Secant  of  an  Arch  are  the 
Right  Sines,,  Tangents,  and  Secants  of  the  Complement  of  thai 
Arch. 

Thr6e  Letters  fignifying  an  Angle,  the  middle  one  fhews  the  An* 
gular  Point,  the  other  two  denote  the  Legs  which  include  it. 

Degrees  are  marked  with  a  Cypher  over  them,  and  Minutes  with 
aDafh,  alfo  Sides  or  Angles  given  are  marked  with  a  Dafh,  but  if 
tequired,  they  afe  marked  with  a  Cypher. 

The  Logarithm  of  any  Angle  exceeding  9a  Degrees  is  found  by 
fubtrafting  the  given  Angle  from  180  Degrees,  and  taking  the  Lo- 
garithm of  the  Remainder*.    ^ 

The  Solution  of  the  fever al  Cafes  in  Plane  Trigonometry  depend  on  four 
Propojitions  tailed  Axioms,  which  Jhould  be  got  perfectly  by  Hearts 

A  X  I  O  M    L 


In  any  Right* Angled  Plane  Triangle,  if  the.  Hypotheniife^  or 
longeft  Side,  be  made  the  Radius  of  a  Circle,  the  other  two  Side$, 
or  Legs,  will  be  the  Sines  of  their  oppofite  Angles  :  But  if  either  of  - 
the  Legs,  including  the  Right  Angle,  be  made  Radius,  the  other 
Leg  becomes  the  Tangent  of  its  oppofite  Angle,  and  the  Hypothe- 
iiuie  the  Secant  of  the  fame  Angle** 

For  in  the  Triangle  ABC,  let 
A  B  be  made  the  Radius  of  a 
Circle,  and  with  one  Foot  of  the  / 

Compaffes  on  A  or  B  defcribe  a 
Circle,  it  is  plain  that  the  Leg         /    / 
BC  will  be  the  Sine  of  the  Angle         \    ; 
A,  and  A  C  the  Sine  of  the  Angle         1     ;^ 
B  :  But  if  A  C  be  made  Radius,         .V'  '\ 
B  C  becomes  the  Tangent  of  the      /  \ 
Angle  A,  and  B  A  the  Secant  of    / 
the  fame  Angle*  :       A* 


-.. 

♦•         ., '•. 

/•■■'      \\ 

\  v 

1 

../ 

J) 

,.^** 


Agait^ 

♦  NotE*  As  this  Axiom  Ihevsrs  how' to  work  Any  Proportion  in  Plane 
*IVavcrfc,  or  Mcrcator's  Sailing;  tbcpcfore,  the  Terms  of  Plane  Sailing 
may  be  applied  to  the  Right-angled  Triangle,   and  then  proceed  to  Pla^ 

Sailing 
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Again,  by  making  B  C  Radius,  A  C  will  be  Tangcntj'  and  A  B 
the  Secant  of  the  Angle  B :  Hence  it  is  plain,  that  the  different 
Sides  take  their  Names  according  to  which  Side  is  made  Radius. 

In  a  Right-angled  Triangle,  there  ^re  dways  two  Sides,  or  the 
Angles  and  one  Side  given^  to  find  the  reft. 

To  find  a  Side,  any  Side  may  be  made  Radius ;  then  fay,  as  the 
Name  of  the  given  Side  :  is  to  the  given  Side  ; :  fo  is  the  Name  of 
the  Side  required :  to  the  Side  required. 

To  find  an  Angle,  one  of  the  given  Sides  muft  be  made  Radius  ; 
then  fay,  as  the  Side  made  Radius  is  to  Radius,  fo  is  the  other  gi^ 
Yen  Side  to  the  Sine,  Tangent,  or  Secanty  by  it  reprefented  ;  which 
fourth  Proportion  muft  be  looked  for  in  the  Table  of  Sines,  Tangents^ 
ict.  where  will  be  found  the  Degrees  and  Minutes  correfponding  to 
the  Angle  required* 

The  fame  may  be  obferved  in  ftating  all  Cafes  in  Trigonometry^ 
/as  in  the  Rule  of  Three  in  Arithmetic,  where  wc  are  taught  to 
multiply  the  fecoiid  and  third  Terms  together,  to  divide  their  Pro- 
duft  by  the  firft  Term,  and  the  Quotient  wiH  be  the  fourth  Term, 
or  Number  fought,  and  of  the  fan^e  Denomination  as  the  fecond 
Term.  Andfince  Addition  of  Logarithms  anfwers  the  Purpofe  o( 
Multiplication  in  Arithmetic,  and  Subtra£lion  that  of  Divifion,  we 
have  this  general  Rule  for  working  all  Proportions  by  Logarithms, 
viz.  Add  the  Logarithms  of  the  fecbnd  and  third  Terms  together, 
and  from  that  Sum  fubtraft  the  Logarithm  of  the  firft  Term,  the 
Remainder  will  be  the  Logarithm  of  the  fourth  Term)  and  of  the 
fame  Name  as  the  fecond  Term. 

Confequentlyj  to  find  a  Side  we  muft  begin  the  Proportion  with  t 
known  Angle,  oppofite  to  a  known  Side ;  and  to  find  an  Angle  we 
muft  begin  with  a  known  Side,  and  then  the  fecond  Term  will  be  Ra* 
iiusy  which  is  always  taken  as  a  known  Angle* 

CASE    r. 

The  Angles  and  Hyp^thenufe  given^  to  find  either  of  the  Legs* 

^  Given,  the  Hypothenufe  121  Leagues^  the  Angle  oppofite  to  the 
Bafe  54®  30/  J  and  confequently^  the  other  Angle  35°  30'  i  the  Bafe 
and  Perpendicular  are  required. 

Sailing  immediately,  without  going  through  Trfgonometfy,  if  the  Pi»» 
pii's  Time  be  fhort ;  and  may  be  rendered  thus : 

In  any  Cafe  in  Plane  Sailing,  if  the  Diftance  be  made  Radius,  the  De* 
partnre  will  be  the  Sine,  and  die  Difietence  of  Latitude  the  Sine  Com« 
plement  of  the  Courfc. 

But  if  the  Departure  is  made  Radius,  the  Difference  of  Latitude  |vill 
be  the  Tangent,  and  the  Diftance  the  Secant  of  the  Complement  of  the 
Coorfe. 

And  if  the  Difference  of  Latitude  is  made  Radius,  the  Departure  triB 
iKCome  the  Tangent,  and  tihe  Diftance  the  Secant  of  the  Courfe* 
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For  the    ConflruSion   fee 
Problem  VI.  in  Geometry. 


From  90  00 

Take  Angle  A     =:     54  3^ 

ILeaves  Angle  C    =:     3S  30 


Note.  Thefe  being  the  fame  Figures  brought  forward,  which 
were  conftruded  in  Geometry,  therefore,  if  the  Learner  is  anv  Time 
at  a  Lofs  how  to  conftruft  any  of  then],  he  may  turn  back  to  the 
Problem  referred  to. 

By  making  the  Hypothenufe  C.  A.  Radius,  the  Proportion  by  Axiom 
the  Firft  will  be. 
To  find  the  Bafe  B  C.  To  find  the  Pcrpcndicnlar  A  B. 

As  Radius  90^  lo.Oocoo    As  Radius  90**  10.00000 

l8  to  Hypoth.  C  A  121        2.08278    Is  to  the  Hypoth.  C  A  121  2.0827& 
So  is  Sine  Ang.  A  54.*'  30'  9.91069    So  is  Sine  Ang.  C  35°  30^    9*7639  j? 


11-99347 
10.00000 


11.84673 


1. 000000 


To  the  Bafe  B  C  98.51         i«99347    To  the  Perpen,  A  B  70.25    1.84.673 
By  making  the  6ale  B  C  Radius,  the  Proportion  by  Axiom  the  Firit 

Will  be, 

To  find  the  Bafe  B  C.  To  find  the  Perpciidicular  A  B. 

As  Sec.  Ang.  C  35**  30^     10.08931     As  Sec.  Ang.  C.  35°  30'   10.08931 

Is  to  the  Pypoth.  A  C  121  2.08278     Is  to  the  Hypoth.  A  C  121  2.08278 

So  is  Radius        90^  10.00000    So  is  Tang.  Ang.  C  ^^^  3c/  9.85327 


12.08278 
10.08931 


1 1. 936^^5 
10.08931 


To  the  Bafe  B  C  98.51        1.99347    To  the  Perpen.  A  B  70.25  1.84674. 

-I  -^  ■  '  ( 

By  making  the  Perpendicular  A  B  Radius,  the  Proportion  by  Axiom 
the  Firft  will  be, 
To  find  the  Bafe  B  C.  To  find  the  Perpendicular  A  B. 

At  Sec.  Ang.  A  54°  30'  10.23609  As  Sec.  Ang.  A  54°  30.  10.2366; 
Is  to  the  Hypoth.  A  C  121  2.08278  Is  to  the  Hypoth.  A  C  121  2.o827g 
So  is  Tang.  Ang.  A  54°3o'  10.14673    So  is  Radius  90°  10.00000 


12.22951 
10.23605 


12.0827? 
10.23605 


T©  the  Bafe  BC  98.51        1.99346    TothcPerpend.AB7o*'25'  1.84673 
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ByGUNTER'sSCALE. 

In  all  Proportions  wrought  by  Gunter's  Scale,  when  the  firft  and 
fecond  Terms  are  of  the  fame  Kind,  then  the  Extent  from  the.ftrft 
Term  to  the  fecond  will  reach  from  the  third  to  the  fourth. 

Or  when  the  firft  and  third  Terms  are  of  the  fame  Kind  : 

The  Extent  from  the  firft  Term  to  the  third  will  reach  from  the 
fecond  to  the  fourth  j  that  is,  fet  one  Point  of  the  Compaflcs  on 
the  Divifion,  expreffing  the  firft  Term,  and  extend  the  other  Poirtt 
to  the  Divifion,  expreffing  the  fecond  (or  third)  Term  5  then,  with- 
out altering  the  Opening  of  the  Compaffes,  fet  one  Point  on  the 
Divifion  reprefenting  the  third  Term  (or  fecond  Term)  and  the 
other  Point  will  fall  on  the  Divifion,  Ihewing  the  fourth  Term  ^ 
Anfwer. 

Now  in  the  laft  Cafe  it  will  be  thus : 

Extend  from  Radius  or  go®  to  54®  30'  on  the  Line  of  Sines  ;  that 
Extent  will  reach  from  the  Hypotlienufe  121  to  the  Bafe  98.5  on  the 
Line  of  Numbers. 

2dly.  Extend  from  Radius  to  35°  30*  on  the  Line  of  Sines ;  that 
Extent  will  reach  from  the  Hypothenufe  121  to  the  Perpendicular 
A  B  70^  25'  on  the  Line  of  Numbers.  -        - 

Obferve  the  like  in  all  that  follows,  except  in  thofe  Proportions 
where  the  Word  Secant  is  mentioned;  which  may  be  readily  wrought, 
by  confidering  the  Hypothenufe  Radius,  as  in.  the  laft  Cafe,  there 
being  no  Line  of  Secants  on  Gunter's  Scale. 

Note.  The  Radius,  according  to  the  Nature  of  the  Proportion^ 
may  be  any  of  thefe,  viz. 

8  Points  on  tha  Line  of  Sine  Rhumbs  ||  90°  on  the  Line  of  Sines. 
4  Points  on  the  Line  of  Tan.  Rhumbs  ||  45°  gn  the  Line  of  Tang^. 

CASES      IL    and    lU. 

The  Angles  and  one  Leg  given^  to  find  the  Hypothenufe  and  other  Leg. 

The  Angle  A  C  B  33'  15',  the  Leg  B  C  274  Miles,  given,  t» 
find  the  Hypothenufe  and  the  other  Leg. 

-A/ 

For    the  Conftru£lion  fee 
Problem  VIL  in  Geometry. 


Angle  C  ^      -^ 
Angle  A         ~ 


90    00 
33    IS* 

56    45 


!2%  TRIGONOMETRY. 

By  making  the  Hypothenufe  A  C  Radius,  it  will  be. 

To  find  the  Perpendicular  A  B*  To  find  the  Hypothenufe  A  C. 

A$  Sine  Ane.  A.  ^6^  45'    9.92235  As  Sine  Ang.  A  56*  45'       9.92235 

Js  tp  the  Bale  B  C  274        2.43775  ^^  to  the  Bafe  B  C  274        2.43775 

to  It  Sine  Ang*  C  53^  15'  9.73901  So  is  Radius  90"*  icooooo 

12.17676  ".43775: 

9.92235  9-9"3J 


Jp  the  Parpen.  A  B  179.6  ^.25441    To  the  Hypoth.  AC  327.6  2.5154Q 


By  making  the  Bafe  B  C  Radius  it  will  be, 

e  Perpendicular  A  B.  To  find  the  Hypothc 

:)®  lo.Qoooo  As  Radius  90' 

e  B  C  274         2.43775  Is  to  the  Bafe  B  C  274 

Sois  Tang.  Ang.  C  33^  15' 9.81666  So  is  Sec.  Ang.  C  33.15     10.07.765 


To  find  the  Perpendicular  A  B.  To  find  the  Hypothenufe  A  C. 

As  Radius  90®  lo.Qoooo    As  Radius  90'  lo.oopoo 

Is  to  the  Bafe  B  C  274  2.43775    Is  to  the  Bafe  B  C  274         2.43775 


12.25441  J2.5i54# 

10  06000  19,00000 


To  the  Pcrpen.  A  B  179,6  2.25441  To  the  Jiypoth.  A  C  327.6  2.51540 

By  making  th.e  Perpendicular  A  B  Radius  it  will  be, 

To  find  the  Perpendicular  A  B,  To  find  the  Hypothenufe  A  C. 

Ss  Tang^  Ang.  A  56'  45/  10.18334  As  Tang.  Ang,  A  s^^  45'  10.18334 

to  the" Bafe  B  C  274         ^-4-3115  I?  ^^  the  Bafe  B  C  274  ^•^311S 

Sois  Radius    90**  ip.ooooo  So  is  Sec,  Ang.  A  ^6^  45'  10.26099 

12.43775  12.69&74 

10.18334  10.18334 

To  tJic  PcrpcHt  A  B  179,6  2,25441  To  the  Hypoth,  A  C  327.6  2.51540 


By    G   U   N   T   E   R. 

•  Extend  from  56  Degrees  45  Minutes  to  33  Degrees  15  Minutes 
on  the  Line  of  Sines,  that  Extent  will  reach  from  the  Bafe  274  to 
the  Perpendicular  179.6  6n  the  Line  of  Numbers.* 

2dly.  <  Extend  from  56  Degrees  45  Minutes  to  Radius  on  the  Line 
of  Sines,  that  Extent  will  reach  from  the  Bafe  ^^74  to  the  Hypothe- 
imfe  3^7.6  on  the  Line  of  Numberst' 

CASES 


T  R  I  Q  O  N  O  M  E  T  K  Y. 


^       C    A    S    E    S      IV,    and    V. 

The  Hypothenufe  and  one  Leg  given^  to  fmd  fbt  Anghs  and  other  Legm 

.  The  Leg  A  B  69,  the  Hyf>othenule  i  jO  given,  to  Bpi  Cbe  Anglp 
A  CB,  or  B  A  C,  and  the  Leg  B  C- 

A 

For  the  Conftru£Mon  fee 
Problem  VIIL  in  Geometry. 


By  making  the  Hypothenufe  Radiu!(,   it  will  be. 
To  find  Angle  C.  To  find  the  Baft  B  C, 


As  the  Hypothenufe  150 

Is  to  Radius 

So  is  Perpendicular  6(f 


2.17609    As  Radius 
10.00000    Is  to  the  Hypoth.  150 
1.83885    So  is  S.  Am,  a  6a*  37/ 

11.83885 
2.17699 


To  Sine  Ad^Ic  C  27^  23'    9.66276    To  the  Bafe  135.^ 


10.00000 
2.17609 

9-94839 

12.12448 
xo.9pp9a 


By  making  the  Perpendlcubr  Radius  it  will  be, 
To  find  Angle  A.  /  To  find  the  Bafe  B  C. 

A^d^  Perpendi(:ul^^       l.^S^Bf    As  Radius  io.oooo# 

Is.to  Radius  10.Q0000    Is  to  Perpend.  69  it. 83 885 

Sois  the  Hypoth.  150         2.17609    So  is  Tang.  An^  62^37'  10.28^6^ 


12.17609 
x.8388j[ 


To  Sfec.  Anj.  A  6z^  37'     10.33724    To  the  Bafe  133.2 


12.12455 

io.oqoof 

i.  1 2451 


By    G    U    N    T    E    R. 

^  Extend  fr^m  ^ypothenuje  150,  to  thp  Perpendicuflaf  6^  oft  tHq 
Line  of  Numbers,  that  Extent  will  reach  from  Radius  to  Sine  An<« 
£le  C  27  Degrees  23  Minutes  on  the  Line  of  Sines.' 

2dly.  *  Extend  from  Radius  to  Sine  Apgle  A  6^  pegrees,  37  Mi- 
nutes, that  Extent  will  reach  from  the  Hypothenufe  150  to  theB^fo 
133. 2  on  the  Line  of  Nbmbers,^ 

CASE 


so'  TRIGONOMETRY. 

CASES      VI.    and    VIL 

The  Ligsgiven^  to  find  the  Angles  and  Hypotbenufi. 

.   The  Legs  A  B  980,  B  C  690  given,  10  find  the  Angle  B  A  C>  qr 
A  C  B,  and  the  Hypothenufe  A  C. 


For  the  Conftruftion  fee  Problem 
PC*  in  Geometry* 


By  making  the  Bafe  Radius,  it  will  be, 

To  find  Angle  C.  To  find  the  Hypoth.  A  C. 

As  Ae  Fafe  690  2.8388^^  As  Radius  10.QOOO0 

Is  to  Radius  10.00000  Is  to  the  Safe  690  2.83885 

So  is  the  Ferpead.  980         2.99123  So  is  Sec*  Ang.  C  54*  51'  10.23979 


12.99123 
2.8388J: 


13.07864 
10.00QO0 


To  Tang.  Aag.  C  54*  51'  10.15238    To  the  Hypoth.  1198  3.07864 

By  making  the  Perpendicular  Radius,  it  will  be, 
To  find  Ang,  A,  To  find  the  Hypoth.  A  C. 


Asthe  Perpend.  980 
It  to  Radius 
SoistheBafe690 


2.99123    At  Radius  JO.00000 

jo.ooopo    Is  to  the  Perpend.  980  2*99123 

2.^3885    So  is  Sec.  Ang.  A  35*  9'    10,08743 

13.07866 

IOilOOOOO 


12.8388J 
2.99123 


To  Tan.  Ang.  A  35*  9'     9.84762    To  the  Hypoth:  1198  3.07866 


By    G    U    N    T    E    R. 

*  The  Extent  from  690  to  98©  on  the  Line  of  Numbers,  will  rcacl\ 
from  lUdius  (or  45  Degrees)  to  54.51  on  the  Line  of  Tangents.* 

^dly.  « The 


TRIGONOMETRY:  ji 

idly.  *  The  Extent  from  Sine  Angle  A  35  Degrees  9  Minutes  to 
Radius,  or  90  Degrees,  will  reach  from  the  Bafe  690  to  the  Hypo* 
thenufe  1198,  on  the  Line  of  Numbers*' 

Note.  When  the  Degrees  and  Minutes  of  one  Angle  of  a  Right- 
Angled  Triangle  is  found,  the  other  Angle  is  alfo  given  in  the  Ta- 
bles, without  uibtrading  from  90^,  whether  in  Sines,  Tangents,  or 
Secants,  for  one  Angle  is  always  the  Complement  of  the  other  i 
therefore,  if  the  Degrees  at  the  Top  of  the  Tables  and  the  Minutes 
in  the  Left  Hand  Column,  which  always  correfpond  with  the  Loga- 
rithmic Sine,  Tangent  or  Secant  increafing  downwards,  are  found  9 
then  the  Degrees  left  than  qo%  belonging  to  the  other  Angle,  will  be 
at  tl^  Bottom  of  the  Tables,  and  the  Minutes  in  the  Right  Hand 
Column ;  and,  on  the  contrary,  if  the  Degrees  at  the  Bottom,  and 
the  Minutes  in  the  Ri^ht  Hand  Column,  correfpond  with  the  Loga- 
rithmic Sine,  Tang.  Sec.  then  the  Degrees  of  the  other  are  at  the 
Top^  and  the  Minutes  in  the  Left  Hand  Column* 

^ejiions  to  exercife  the  Learner  in  trigonometry. 

^efl.  I.  The  Hyppthenufe  98  Miles  and  the  Angle  oppofitc  to 
theBafe  33**  45'  given,  to  find  the  Bafe  and  Perpendicular. 

Jnf.  Bafe  54.45,  and  the  Perpend.  81.48  Miles. 

§lueji^  2.  The  Perpend.  82  Leagues,  and  the  Angle  oppofite  to 
the  Bafc33®  45'  given,  to  find  the  Hypoth.  and  Bafe. 

Anf.  The  Hypoth.  98.62,  and  Bafe  54.79  Leagues. 

^eji.  3.  The  Bafe  82  Yards,  and  the  Angle  oppofite  to  the  Per- 
.pend.  33**  45'  given,  to  find  the  Hypoth.  and  Perpendicular. 

Jnf.  Hypoth.  98.62,  and  the  Bafe  54.79  Yards. 

^ejl.  4.  The  Hypoth.  126,  and  Perpend.  70  Miles  given,  to  find 
the  Bafe. 

Anf,  Bafe  104.8  Miles. 

^eft.  5.  The  Hypoth.  124,  and  the  Bafe  86  Miles  given,  to  find 
the  Perpend. 

Afif.  Perpend.  89.35  Miles.  / 

^ejl.  6.  The  Bafe  64,  stnd  Perpend.  114  Leagues  given,  to  find 
tbeHvpoth. 

Anj.  Hypothenufc  ijo.S  Leagues. 


OBLK^US 


(    3*    ) 


OBLIQUE  TRIGONOMETRY^ 

AXIOM       II. 

ITi  all  ttanc  T^riangles,  the  Sides  are  in  dircft  Proportion  to  the 
Sines  of  their  bppofite  Angles.* 

CASE        I* 

T*»  4^les  and  $ne  Side  gtvertj   to  find  either  of  the  other  Legs. 
The  Angle  B  D  C  k>i**  25'  and  C  B  D  44®  42',  and  the  Leg 
B  C  76  given,  to  find  the  Sides  C  D  and  B  D^ 

For  the  Conftruftion  fee 
Problem  X.  in  Qeometry. 


:zsP^ 


The  Proportion  by  Axiom  IL  will  be> 
to  find  DC. 
As  Sine  Angle  D  16 1*  as^  — —  — ^ 

Is  to  the  Side  B  C  76  -i— -  

So  16  Sine  Angle B  44*  42'       —  "      ■» 


To  the  Side  D  C  54.53  — — 


9.90131 
1.88081 
9.84720 

11.72801 
9.9913a 

1.73669 


*  Let  the  Triangle  A  B  C  be  circumfcribed  by 
a  Circle,  it  is  plain  thateaQh  Side  becomes  a  Chord 
to  its  refpeftive  Arch  j  from  hence,  as  the  Chord 
of  the  Arch  A  C  is  to  the  Chord  of  the  Arch  C  B, 
fois  the  Side  A  C  to  the  Side  C  B. 


Now  it  has  been  (hewn,  that  half  the  Chord  is  the  Sine  of  the 
Arch  fubtendedby  that  Chord  5  therefore  in  the  Triangle  A  B  C,  the 
Sines  of  the  Angles  will  be  as  the  Halves  of  their  oppofite  Sides  j 
and  flnCe  the  Halves  are  as  Wholes,  it  follows,  that  the  Sines  of  the 
Angles  are  as  their  oppofite  Sides ;  that  is,  A  C  ;  C  B  ;:  Sine  Ang* 
S  ;  to  Sine  Ang.  A,  &c. 

4  To 


OBLI<iUE   TRIGONOMETRY. 


To  find  B  D. 

As  Sine  Ang.  D  loi*^  25'   9*99^3^ 
ts  to  the  Side  fi  C  7$  i.  88081 

So  is  Sine  Ang.  C  S3^^3      9'H^^i 

:  11.62706 

9.99132 


To  tjic  Side  B  D  43.23        1.63574*; 


34 

101^25' 
44  4* 


T>c  Sum  of  tke  Angles  D  It  B  146.7 

From  i8o'0 
* .   * ,  •  ;SuStradt  146.7 

i1ic*lltoaindi?r  is'the  Ang:  C  33. 55 


180.0 
101.25 


The  Supplem.  of  the  Ang.  D  78.35 


By    G  U  N  T  E  R» 

*  'foctend  from  the  Supplement  of  Angle  D  78*  35^  to  Angle ^Q 
44^  42'  on  the  Line  of  Sines,  «that  Extent  wifl  reach  from  the  Sidp 
B  C  76,  to  the  SideD  C  54^53  on  the  Line  of  Numbers/  ; 

2dly.  *  Extend  from  the  Supplementjof  Angle  D^  78*  .35'  to  Angle 
C  33^  ^3^  on  the  Line  of  Sines,  that  Extent»wiU  reach  from  the 
Side  B  U  76,  to  the  Side  B  D  43^23  on  the  Ltfte  of  Numbers/^ 

CASES      1.    and    IL 

Ywo  Sides  and  an.  Angle  eppofite  to  one  ofthemgiven^  to  find  thf  other  ifpp^ 
Jite  Angle  and  third  Side. 

The  JSide  B  C  106,  D  B  65  Miks,  and  the  Angle  B  C  D  31**  491 
given,  to  find  the  Angle  B  D  C  obtufe,  and  the  Side  C  D* 

A 

For  the  Conftruftion  fee  Problem  65 

XL  in  Geometry* 


The  Proportion  by  Axiom  IL  will  bc^ 

To  find  Attglc  D. 

As  the  Side  B  D  6|  ,  ^y  \  m    >,     ■ 

Is  to  Sine  Angle  C  31**  4^        *     '  ' '   '''  --^"^ 

So  is  the  Side  B  C  106  — —  —  -—^ 


To  Sine  Angle  D  ilo<^  43' 


9.72198 
21.02531 

11.7+719 
1.81291 

9-93438 


3+  OBLIQUE  TRIGONOMETRY^ 


To  fiiid  D  C 

Al  Sihfc  Aflgi  G  ji^  49* 
IstotheSidt  BD    65 
So  iiSln^An^  6x7.28 


1.81291 
9.66392 

11.47683 


To tk Side  DC  .56.88      ».7J485 


iSOii^ 

The  Supplem,  59»i7  of  Angle  D# 

iso.45  Afigk  D 
ji.49AiiiloC 

152.52  tbcir  Sum 


180.0 
10.5^  SttflAifiibl^ 


27.28  Angle  B 


Here  it  may  be  proper  to  obferve,  that  if  the  given  Angle  be  Ob« 
tufe,  the  Angle  fought  will  be  Acute  ;  but  when  the  given  Angle  is 
Acute,  and  oppofite  to  a  lefler  given  Side,  then  the  required  Angle 
is  ddubtful>  whether  Acute  or  Obiufe  >  it  ought,  therefore,  to  be 
ddt#rtniaed  before  the  Opemtion.  For  it  is^platA  the  above  Proper* 
tion  produces  59^  if  for  tht  requited  Angle;  butat^  it  is  Obtuie^ 
it^  Stip^tem«^U  to  iSo  I>egree8  muft  b«  taken^  vis«  120"^  4}^. 

By    G  U  N  T  E  R. 

«  The  Extent  from  65  to  106  on  the  Line  of  Numbers,  will  reach 
from  31''  49'  to  59**  17'  Ott  the  Linft  of  Sines.* 

2dly.  *  The  Extent  from  31®  49^  to  27*  28*  on  the  Line  of  Sines^i 
wiU  reach  from  65  to  56.88  oti  the  Line  of  Number*/ 

AXIOM      IIL 

In  evfery  Plane  Triangle  it  will  be,  as  the  Sum  of  a»y  two  Side* 
IS  to  their  Difference^  fo  is  the  Tangent  of  half  the  Sum  of  the  An- 
gles oppofite  thefe  Sides  to  the  Tangent  of  half  their  Difierence. 

'  Which  half  Difference,  being  added  to  half  the  Sum  of  the 
Angles,  gives  the  greater  v  but  if  Aibtra£ted,  the  Remainder  witl  be 
the  lelter  Angle.**^ 


^Jr^-. 


::sai.© 


♦  Piodi^  the  leflTer  Leg  C  B  of  theTrl- 
angle  A  fi  C,  till  B  D  becomes  equal^ft) 
B  A ;  then  bifeft  D  C  in E  ;  joiti  A  Dand 
bif«a  it  alfo  in  F,  which  (by  2.  6.  Eucl) 
will  be  perpendicular  to  A  D,  ^nd  dtaw 
E  f ,  ^ich  (by  2.  6.  Eticlid)  vdll  be  pa-       G  B  *" 

raillel  to  A  C.  Then  will  the  Angles  A  B  F=F  B  D^{  A  B  D,  which 
e*twfija  Angle  A  B  D  i«  (jz.  i.  Eucl.}~ A  B  C+B  C  A,  th^it  is  the  Sum 
of  the  oppofite  Angles  required. 

Th«i  dfaw  B  G  parallel -to  C  A,  fo  will  the  Angle  G  B  A  be  (by  20.  i. 
Eft9li}  eqiial  to  its  alternate  one  B  A  C«    And  if  Son  hitf  dtti  Sam  ot  the 

o|p«fiie 


/ 

C    A    S    ^    g      IV.    and    V. 

Two  Sides  and  their  contained  An^  given^  to  find  either  of  thf  othfr 
Angles  and  the  third  Side. 

The  Side  B  C  109,  B  D  76  Leagues,  and  Angle  C  B  D  loi**  3c/ 
given,  to  find  the  Angle  B  D  C,  t)r  B  C  D,  and  the  Side  C  D. 


For  the  Conftru^'pn  fee 
Problem  'Xll.  in  Geometry. 


Side  B  C    109 

BD      76 

—   76    —    loi  30 

their  Sum    185 

33theirDifF.78  30 

1  Sum  39  15 

DandC 


oppofite  Angles^  you  take  the  iefTer  Angle ;  thfit  is,  if  from  Angle  A  B  F 
you  take  the  Angle  G  B  A»  there  will  remain  the  Angle  G  B  F  =:  half  the 
biftrence  of  the  opm>fite  Angles :  An4  fo  alfo  if  ftom  C  E,  |  the  Sum  of 
the  Legs,  you  take  C  B  the  fefler  Leg,  there  will  remain  B  £1=:^  the  Dif- 
iference  of  the  Legs.  And  fince  the  An^  A  B  F  is  Ri^ht-angkd,  if  B  F 
be  made  Radius,  A  F  will  be  the  Tangent  of  the  Angle  A  6  F,  (that  iu 
ihe  Tangent  of  4  the  Difierence  of  the  oppofite  Angles ;)  and  in  the 
little  Tnangle  G  B  F,  G  F  will  be  the  Tangent  of  the  Angle  G  B  F, 
(that  is,  the  Tangent  of  ha^the  Di^rence  of  the  opfK)fite  Angles :) 


I  Legs  j 

jient  of  halt  thfe  Sqm  of  the  oppofite  Aqffles  is  to  the  Tangent  of  half 
Sbeijr  Difierence :  but  Wholes  are  as  their  Halves ;  wherefore  the  Sum  of 
the  Legs  is  to  their  Di&rence,  as  ibt  Tan^nt  of  half  the  Sum  of  the 
^^f^ce  An|;les»  is  to  the  Tangent  of  half  their  Difference* 

£3  The 


j^         dfiLiaUE    TRIGONOMETRY, 

^The  Propoition  by  Axiom  IIL  will  be, 

To  find  ^e  Angles  D  and  C, 

As  the  Sum  of  tlie  Sides  B  C  and  B  De^iSs        — r«.        2.26717 

1$  to  their  Difference  —r—  33         — ^ —         1-518^1 

So  is  Tang,  of  |  ^p  Sum  of  tb$  Ap^ks  C  and  p  39**  15'  9.91224 

^43075 


To  the  Tan  of  f  the  Diff.  of  the  Angles  C  and  D    S^'iy'  9.16358 

To  half  the  Sum  of  the  Angles  D  and  C         -pr^r^  39^  15^ 

Add  Jia]f  the  pifFercnce  of  the  Angles  C  and  J)  817 

Gives  the  greater  Angle  D 
§ubtra£ted,  gives  the  lefljer  Angle  C 

Having  the  Angles,  the  Side  is  found  by  Axiom  II.  for  it  will  be, 

To  find  DC, 
As  Sine  Angle  D  47*  32'  — -  — ^  9.86786 

Is  to  the  Side  B  C  109  ■    ..  —  ^.037^^3 

gt>  is  Sine  Angle  B  loi**  30'        u  m    .]v        %...  , .  '!■■  9,99*  ^9 

12.02862 
9.86786 


Tp  the  Side  P  C  required  144.8  utj-in  ...  2. 16076 

By    G  U'  N  T  E  Rf 

*  The  Extent  from  185  tP  33  on  the  Line  of  Numbers,  will  reach 
from  39^  15'  to  8*  17'  on  the  Line  of  Tangents.* 

2djy.  <  The  Extent  from  Angle  D  47^  32'  to  78°  30'  (the  Sup, 
plemcht  of  Angle  B)  on  the  Line  of  Sines,  will  reach  from  the, 
Side  3  C  109  tp  144.8,  th^  Side  P  C  required^  or)  the  Line  qf 
J^unjberSp* 

A    X    I    O    M      IV,      . 

In  any  Plane  Triangle,  as  the  Bafe  or  greateft  Side  is  to  the  Sum 
pf  the  other  two  Sides',  Co  is  the  Difference  of  the  Sides  to  the  Dif- 
ference of  the  Segments  of  the  Bafe,  made  by  a  Perpendicular  let 
fall  from  the  Angle  oppofite  to  the  Bafe. 

'  And  if  half  the  Difference  of  the  Segments  be  added  to  half 

tifir  Sum,  it  will  give  the  greater  gegment  j    but  if  fubtrafted,  thg 
cip,aip(3cr  vvill  be  the  lefJer  Segment.  • 


OBLtQXJS  TRIGONOMEr JLY.         'jy 

' «  The  Triangle,  b'cmg  thus  mt,  becomes  two  Right-angled  Tri- 
angles, the  Hyjwthertufes  and  Bafcs  of  which  arc  given,  to  find  d^ 
Angles  by  Axiom  I.*' 

C    A    S    E      VL 

V  Thm  Sides  gtverij  to:  find  the  Angles. 

The  Sides  B  C  iD5,.B  D  85,  and  C  D  50  Miles,  given:  to  find 


the  Angles  B  D  C,  B  C  D,  or  C  B  D. 


For  the   Cdnftruftion  fee 
Problem  XIU,  in  Geometry. 


B  D  85    A 
C  D  50 


The  iSum  of  the  two  fhorteft  Sides 
The  Difference  of  the  two  fhorteft  Sides 


^ZS 


35 


The  Proportion  by  Axiom  IV.  will  be, 
To  find  B  C. 


As  the  Side  B  C 

Is  to  the  Sum  of  the  3ides  B  D  &  D  C 

So  U  the  Dif.  of  the  Sides  B  D  ^  D  C 


10;  2.02 1 19  52I:  the  half  of  gr.  Side 
135:  2.13033  22thalfDif.oftheSeg. 

35  1-5+407  

■    '  ■     ■   7  5  the  greateft  Segnu 

3.67440 

2.02119  30  lefler  S^ment* 


Dif.  of  the  Seg,  X)f  the  Bafe  or  gr.  Side  45,  i  ,65  3  2 1 

♦  From  the  Angle  B  in  the  Triangle, A  B  C  let  fall  the  Perpetldicular 
B'D;  on.B  as  «  Centre,  with  the  greater  Leg  B  C  as  a  Radius,  defcribe 
the  Circle  B  X  C  Y  Z,  and  produce  A  B  to  X  and  Y,  an4  C  A  to  Z. 
Then  (by  35.  i.  Euclid)  AYxAXisr^ACxAZ;  viz.  :  B  C— 
3A  :  X  :  BC  +  B  A:=AC  X  :  DC— DA: 

Therefore  A:C  +  BA::Bd^BA: 
P  C  -.-  D  A  ;  otherwife  let  the  Difference 
of  the  Squares  of  the  Sides  B  C  and  A  B 
be  taken,  and  divided  by  the  Bafe  A  C, 
the  Quotient  will  be  the  Difference  of 
the  Segments  of  the  Bafe  aforefaid. 


Having 


ifi        .OBtiaUE    THIOONOMeTRY. 

Having  dirided  the  Right^>angled  Trii^i^  into  two  Rigbt -angled 
Tri^g'cs  the  Hypothenufes  ami  Ba&f  pf  wlk;b  arc  given,  to  find 
the  Angles  by  Axiom  I.  as  follows  ; 

To  find  Angle  B  D  A. 
As  the  H^thenufe     B  D  85     1.92942  ^*     o' 

Is  to  Radius  10.09000  61     f;6 

•Sals  thegxcateiit  S^gmmt    75    i*37fo6 


J  1.87506 
1 .92942 

ToSiae/iiigleBDA— 6i«56'  9.94564 


bavis  Af^B 


Icivfi  Aagk  C 


28 

♦ 

9? 
36 

0 
53 

53 

7 

To  find  Angle  ADC, 

At  the  Hypotbe&ufe  D C    50    1.69897  Co.  Ang.      BDA    28      4 

Is  to  Radius            10.00000  COQU /^.   ADC    53       7 

So  is  the  lefTer  Segment  A  C  30     1.47712  ",— 

-P-— ^ Sum                           81     II 

11.47712  ■■  — 

1.69897  180      o 
Sum                          81     xr 


To  the  Sine  Angle  A  D  C  36*  5/  9.77815 


Ang.  BDC  98    49 


%      G    U    N    T    E    R. 

ift.  *  The  Extent  from  105  to  135,  will  reach  from  35  to  45  on 
the  Line  of  Numbers.* 

2dly.  *  The  Extent  from  85  to  75,  on  the  Line  of  Numbers,  will 
^each  from  Radius  to  61®  56',  the  Angle  B  P  A  pn  (he  Line  of 
iSines.' 


reach 


ylly.  *  The  Extent  fropi  50  to^O  on  the  Line  of  Numbers,  wJU 
icb  from  Radius  to  Angle  A  D  C  36®  53'  on  the  JLinc  of  Siups/ 
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A    N 

INTRODUCTION 

TOTHBARTOF 

NAVIGATION. 

BEFORE  we  btgin  Navigation,  it  may  not  be  improper  to  pre 
I  the  Learner  fome  Idea^  of  the  Syftem  of  the  Univerfey  cosi-^ 
iDonly  csdled  the  S^kry  or  C^etnican  Sj/iem^  which  is  as  follows : 

The  Sufij  that  immenfe  and  amazing  Globe  of  Fire,  the  Foun- 
tain of  the  Heat  and  Light  of  the  whole  Syftem,  is  placed  near  the 
common  Center  of  the  Orbits  of  fix  opaque  Spherical  Bodies^ 
which  make  their  Revolutions  round  it  in  leis  or  more  Time,  ac- 
cording^ to  their  feveral  Diftances  from  it. 

Mercury  is  neareft  to  the  Sun,  and  receives  its  Light  and  Heat 
from  it^  and  revolves  round  it  in  an  EUipfis  in  two  Months  and 
twenty-eight  Days. 

Ventis  is  fomewhat  higher  in  the  Svftem,  and  defcribes  its  Ellipfls 
round  the  Sun  in  7  Months  and  j  5  Days,,  and  becomes  our  Evening 
aad  Morning  Star  by  Turns. 

The  Earth  is  next  to  Venus,  and  defcribes  an  Ellipfis  round  the 
Sun  in  365^  Days,  or  one  Year>  which  being  at  a  greater  Diftance 
from  the  Sun  than  the  former  Planets,  and  therefore  receiving  left 
of  its  Light  and  Heat^  to  make  up  the  Deficiency,  the  wife  Author 
of  Nature  has  caufed  a  fecondary  Planet,  called  the  Mbon,  to  move 
rou9d  it  in  27  Days,  12  Hours,  and  44  Minutes ;  it  receives  its 
Light  and  Heat  from  the  Sun,  and  reflefte  it  upon  the  Earth,  whicli. 
in  fame  Mcafure  compcniates  for  the  Abfence  of  the  Sun,  during 
the  Winter  Seafons,  in  the  North,  and  South. 

Mars  is  ftill  higher  in  the  Syftem  and  takes  a  larger  Circuit,  re« 
volving  round  the  Sun  in  i  Year,  10  Months,  and  22  Days. 

J^iter  is  the  largeft  of  all  the  Planets,  and  defcribes  a  large 
EUipns  round  the  Sun  in  11  Years,  10  Months,^  27  Days  \  there  are. 
four  Satellites  or  Moons  moving  round  it;  they  receive  their  Light 
from  the  Sun,  and  refledl  it  upon  their  primary  Planet,  as  the  Moon 
does  upon  the  Earth. 

Saturn  is  the  moft  remote  of  all  the  Planets,  revolving  round  the 
JSun  in  29I  Years,  has  5  Moons  which  move  round  him,  and  is  alfo 
furrounded  with  a  prodigious  Ring  or  Atmofphere. 

The  Fixed  Stars  are  fuppofed  to  be  of  tlie  fame  Matter  with  the, 
Sun,  and  made  for  the  fame  Ends ;  each  of  them  the  Center  of  its 

own 
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own  proper  Syftem,  having  Planets  moving  round  it  as  our  Sun 
has. 

Comets  are  a  Sort  of  Planets  moving  round  the  Sun  in  Ellipfis  (o 
very  oblong,  that  their  vifible  Parts  feem  to  be  in  a  Manner  Pa- 
rabolicsJ,  but  have  fuch  vaft  Atmofpherds  about  them,  and  Tails 
derived  from  the  fame,  efpecially  when  they  come  near  the  Sun, 
as  imply  them  defigned  for  very  different  purpofes  from  the  othei* 
Planets. 

Having  given  a  curfory  View  of  the  Syftem  of  the  Univerfe,  we 
fhall  now  confider  the  Earth  a  little  more  particularly  j  a  perfe£k 
Knowledge' of  the  Figure  and  Motion  of  which,  with  various  real 
and  imaginary  Lines  upon  it,  is  abfolutely  neceffary  in  the  Art  of 
Isiavipation. 

Tne  Land  and  Water  of  this  Earth  or  Planet  upon  which  we  live* 
make  a  Compofition  of  a  Spherical  Form,  or  rather  an  Oblate  Fi- 
gure, called  the  Terraqueous  Globe,  which  by  turning  round  its 
Axis  every  24  Hours,  from  Weft  to  Eaft,  caufe  all  the  heavenly 
Bodies  to  revolve  apparently  from  Eaft  to  Weft  in  the  fame  Time, 
making  the  Vitiffitudes  of  Day  and  Night ;  and  this  Eafth,  toge- 
ther with  its  Moon,  by  moving  round  the  Sun  in  i  Year,  or  in  365 
Days,  6  Hours  nearly,  produce  the  Seafons  of  the  Year,  viz.  TVmierj 
Summer^  Autumn^  and  Spring. 

Thftt  the  Earth  is  round,  or  nearly  fo^  will  appear,  not  only  from 
the  circular  Shadow  it  has  upon  the  Moon  when  that  Body  happens 
to  be  eclipfed  by  it,  but  alfo  from  the  very  Appearance  of  the  Sea, 
and  the  many  Obfcrvations  made  by  Perfons  ttanding  upon  the  Shore, 
and  viewing  a  Ship  departing  from  the  "^ort ;  they  firft  lofe  Sight  of 
the  Body  of  the  Veffcl,  whilft  they  can  ftill  fee  the  Rigging  and 
uppermcft  Sails ;  but  as  the  Ship  recedes  /farther,  they  lofe  Sight 
of  thefe  alfo,  as  if  the  Whole  were  funk  into  the  Deep,  Again,  in 
a  Ship  makmg  towards  land  the  Mariners  firft  defcry  the  Tops  of 
Steeples,  Trees,  &c.  pointing  above  the  Water;  next,  they  fee  the 
Buildings  themfelves;  and  laftly  the  Shorej  which  can  only  be  the 
Effefts  of  the  Earth's  Rotundity. 

'  Its  being  a  Globe,  is  alfo  confirmed  by  the  many  Voyages  which 
have  been  made  round  it,  from  Eaft  to  Weft  :  Firft  by  Magellan's 
Ship  in  the  Years  1519,  1520,  1521,  in  1124  Days  ;  by  Sir  Francis 
Drake  in  the  Years  1577,  '57^j  ^579^  'S^o,  in  1056  Days;  by 
the  late  Lord  Anfon,  in  4  Years  ;  and  lately  by  the  Captains  Byron, 
Carteret,  Cook,  and  Clark,  accompanied  with  feveral  able  Ma- 
thematicians and  Naturalifts,  whofe  Obfervations  and  Difcoveries 
do  Honour  to  this  Nation,  as  well  as  greatly  contribute  to  the 
Improvement  of  Geography  and  Navigation  :  they  have  difco« 
vcred  many  Iflands  in  the  South  Seas^  which  formerly  were  un- 
known to  Europeans.  • 

The  little  Unevenneffes  of  the  Earth's  Surface,  arifing  from  the 
Hills  and  Vales,  is  no  material  Obje(^ion  to  its  being  confidered  as 

round; 
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roaud  (  fince  the  higheft  Hill  or  Mountain  bears  not  (o  great  a  Pro- 
portion to  the  Bulk  of  the  Earth  itfelf,  as  the  iitde  Rifings  upon  the 
Coat  of  an  Orange,  bear  to  the  Bignefs  of  that  Fruit. 

In  order  t6  defcribe  the  Pofition  of  Places,  Geographers  have 
found  it  necelTary  to  imagine  certain  Circles  drawn  upon  the  Surface 
of  the  Earth  s  to  which  they  have  given  the  Names  of  Equator^  Aii^ 
ridiany  Horizsnj  ParalUh  if  Latitude^  &ff . 

I.  The  JxJs  is  a  ftraighr  Lin>:,  imagined  topafs  through  the  Cen- 
tre of  the  Earth ;  the  extreme  Points  are  the  Poles,  on  which  the 
Earth  is  fuppofed  to  move,  one  called  the  jfrtic  or  NMh  Pole^  and 
the  other  the  Antarticy  or  South  P^li. 

II.  The  Equator  is  a  great  Circle  under  die  Equinodial  Line  ia 
the  Heavens,  compaffing  the  Earth  in  the'  Middle,  between  the  two 
Poles,  aitd  divides  it  mto  two  equal  Parts,  called  the  Northern  and 
Southern  Hemifpheres  :  From  it  the  Latitude  of  Places  is  reckoned 
either  North  or  South  ;  and  on  it  are  counted  the  Degrees  of  LoAgi* 
tude  from  Eaft  to  Weft.  This  Circle  is  called  Equator^  becaufe 
when  the  Sun  comes  to  it,  which  is  twice  a  Year,  viz.  about  the 
21  ft  of  March^  at  his  Entrance  into  Aries,  and  again  into  Libra  about 
the  23d  of  September  \  then,  making  equal  Day  aiul.Nigbt  throughout 
the  World.  *  /      .^     3-  e 

IIL  The  Meridians  are  Circles  which  pafs  through  the  Poles  of  die 
Earth,  the  Zenith  and  Nadir ;  croffing  the  Equator  at  Right  Angles, 
and  divide  the  Earth  into  two  equal  Parts,  one  Eaft  and  the  other 
Weft  f  and  is  fo  called,  becaufe,  when  the  Sun  comes  to  the  Meri- 
dian of  any  Place,  it  is  then  Noon  or  Midway.  They  are  infinite 
in  Number,  for  aH  Places  from  Eaft  to  Weft  have  their  feveral  Me- 
ridians ;  of  thefe  one  is  called  the/r^?  or  chiif  MeriSan^  from  which 
the  Longitude  of  Places  is  reckoned ;  it  is  of  fpecial  Note  and  Ufe, 
but  varroufly  placed  by  Geographers,  fome  placing  it  at  London, 
others  at  Paris,  TenerifF,  &c.  .4ind  is  divided  into  twice  90  Degrees, 
Slumbered  from  the  Equator  towards  each  Pole  ending  in  90  Degrees. 
And  fmce  the  Earth  turns  once  round  its  Axis  in  24  Hours,  every 
Point  uju>n  its  Surfaee  defcribing  a  Circle  of  360  Degrees  in  that 
Time,  tjerefore,  any  Place  lying  15  Degrees  to  the  Kaft  of  us,  hag 
the  Sun  upon  its  Meridian  one  Hour  fooner  -^  or  it  is  Twelve  o'Clock 
with  the  Eaftermoft,  when  it  is  Eleven  with  us  ;  and  any  Place 
15  Degrees  CO  the  Weftward  of  us,  has  the  Sunjpne  Hour  aftel 
us. 

IV.  Latitude  is  the  neareft  Diftance  of  any  Place  from  the  Equa- 
tor i  it  is  mcafured  on  an  Arch  of  the  Meridian  intercepted  between 
the  Place  and  the  Equator,  and  therefore  can  never  exceed  90  De- 
grees. It  takes  its  Name  according  as  the  Place  is  fituatcd,  cither 
North  or  South  of  the  Equator  5  therefore,  all  Places  that  lie  at  the 
fame  Diftance  from,  and  on  the  fame  Side  of  the  Equator,  are 
faid  to  be  under  the  fame  Parallel  of  Latitude.  Whence  it  follows, 
th^  if  a  Ship  fails  from  a  North  Latitude  direwlly  Northj    or  in  a 

F  South 
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South  Latitude  direAly  South,  (he  encreafes  hef:  Latitude  equal  tm 
the  Diftance  failed  ;  and  if  a  Ship  fails  in  North  Latitude  Southerly, 
or  in  South  Latitude  Northerly,  (he  decrealies  her  Latitude,  becaufe 
ihe  fails  nearer  to  the  Equator ;  from  whence  the  Latitude  is  counted 
upon  the  Meridian :  but  if  a  Ship  fails  from  a  South  Latitude  into 
a  Northerly  one,  or  from  a  North  Latitude  into  a  Southerly  one, 
from  the  DifFexcnce  of  Latitude  fubtraft  the  Latitude  left,  and  the 
Remainder  will  be  the  Latitude  come  to,  and  of  a  different  Name 
with  the  Latitude  left. 

Parallels  of  Latitude  are  Circles  parallel  to  the  Equator. 
The  Difference  of  Latitude  is  an  Arch  of  the  Meridian  contained 
between  the  two  Parallels  of  Latitude ;  or  it  is  the  leaft  Diftance  of 
the  Parallels  of  Latitude  W  two  Places  :  (hewing  how  far  one  of 
them  is  to  the  Northward  or  Southward  of  the  other,  and  can  never 
exceed  180  Degrees. 

V.  The  Longitude  of  any  Place  on  the  Earth  is  expreffed  by  an 
Arch  of  the  Equator,  (hewing  the  Eaft  or  Weft  Diftance  of  the 
Meridian  of  that  Place,  from  fome  fi?ced  Meridian,  where  Longitude 
is  reckoned  to  begin. 

.  Difference  rf  Longitude  is  an  Arch  of  the  Equator,  intercepted  be-p 
tween  the  MeridflBfis  of  two  Places,  (hewii%  how  far  one  of  them  is 
to  the  Eiftward  or  Weftward  of  the  otherr. 

As  Longitude  begins  at  the  Meridian  of  fome  Place,  and  is  count- 
ed from  thence  both  Eaftward  and  Weftward,  till  it  meets  at  thfe  feme 
Meridian  on  the  oppofite  Point,  therefore  the  Difference  of  Longi- 
tude can  never  exceed  180  Degrees. 

VL  The  Horizon  is  that  apparent  Circle  which  limits  or  bounds 
the  View  of  a  Spedlator  on  the  Sea,  or  an  extended  Plain  j  the  Eye 
of  the  Spectator  being  always  fuppofed  the  Centre  of  his  Horizon* 
Every  Part  of  this  Circle  is  90  Degrees  from  the  Centre  of  it 
lOver  our  Heads,  which  Point  is  -.called  the  Zenith  j  and  the 
Point  of  the  Heavens  oppofite  to  it,  or  under  our  Feet,  is  called 
the  Nadir. 

When  the  Sun  or  Stars  come  above  the  Eaftermoft  Part  of  the  Ho- 
rizon, they  are  faid  to  rife;  and  when  they  defcend  thefWeftcm 
Part  they  are  faid  to  fet.  '  *'■ 

When  a  Ship  is  undcY  the  Equator,  both  the  Poles  appear  in  the  * 
Horizon,  and,  in  Proportion  as  (he  fails  towards  either^^r  increa(es 
her  Latitude,^  that  Pole  is  feen  proportionably  above  flic  Horizon, 
and  the  other  difappears  as  much ;  but  when  a  Ship  is  failing  to- 
wards the.  Equator,  or  decreafes  her  Latitude,  (he  depreffes  the 
elevated  Pole  ;  that  is,  its-  Diftance  from  the  Horizon  decreafes  : 
confequently  die  Latitude  of  a  Place  is  always  equal  to  the  Eleva- 
tion of  the  role  above  the  Horizon. 

This  Circle  is  reprefented  by  the  Mariner's  Compa(s,  divided  mt^ 
32  Points  or  Rhumbs,  each  ii**  15^ 

.  The 
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The  Tropics  are  two  Circles  parallel  to  the  Equator,  and  diftant 
from  it  23  Degrees  29  Minutes  5  that  on  the  North  Side  of  it  is 
called  the  Tropic  of  Cancer^  at  which  the  Sun  has  its  grcateft  Nortk 
Declination  ;  then  making  to  us,  and  all  Places  in  North  Latitude^ 
the  longeft  Day  and  ftiortett  Night,  which  is  about  the  2ift  of  June. 
The  other  on  the  South  Side  is  called  theViij^/V  of  Capricorn^  at 
which  the  Sun  has  its  greateft  South  Declination,  making  then  our 
ihorteft  Day  and  longeft  Night,  which  is  about  the  23d  of  De- 
cember.' 

The  Polar  Circles  are  alfo  parallel  to  the  Equator,  compaffing  the 
Poles  of  the  World  at  23  Degrees  29  Minutes  Diftance  ;  that  about 
the  North  Pole  is  called  the  Jrtic  QrcU^  and  the  other  is  called  the 
Anionic  QrcU. 

Thefe  Tropics  and  Polar  Circles  divide  the  Globe  of  the  •  Earth 
into  5  Parts,  called  ZoneSy  of.  which  3  were  accounted  by  the  Anci- 
.  ents  to  be  fo  intemperate,  as  to  be  uninhabitable ;    th^  Zones  are 
called  Torriely   Frigid^  and  lemperate^  that  is,  i  Torrid,  or  Burn- 
ing Zone,  2  Temperate,  and  2  Frigid  or  Frozen  Zones. 

The  7orrid  7^  is  all  that  Space  of  the  Earth  and  Sea,  which  lies 
between  the  Tr^ics  of  Cancer  and  Capricorn,  and  is  47  Degrees 
broad ;  its  Inhabitants  fee  the  Shadow  of  the  Sun  turn  fometimes 
towards  one  Pole  and  fometimes  towards  the  other. 

The  7wo  Tmperate  Zones  are  thofe  Spaces  of  the  Earth  and  Sea 
contained  between  each  Tropic  and  the  Polar  Circles ;  the  Inhabi- 
tants of  the  North  Temperate  Zone  have  their  Shadows  at  Noon  fall 
North,  and  tliofe  of  the  Sou|h  Temperate  Zone  have  their  Shadows 
at  Noon  fall  South. 

The  Two  Frigid  Zones  are  contained  between  each  Polar  Circle 
and  its  Pole  3  thofe  who  inhabit  them  have  their  Shadow  always 
running  round  them,  according  to  the  different  Motions  of  the 
Sun. 

Climates  are  thofe  Tracks  of  the  Earth  bounded  by  imaginary 
Lines  running  parallel  to  the  Equator,  and  of  fuch  a  Breadth  from 
South  to  North,  that  the  Length  of  the  Artificial  Day  in  one  fur- 
pafles  that  in  the  other  by  Half  an  Hour. 

The  Inhabitants  of  the  Earth  are  diftinguifhed  by  the  feveral  Me- 
ridians and  Parallels  under  which  they  live,  and  are  denominated 
either  Poriacij  Jntiaci^  or  Antipodes. 

The  Periaci  are  thofe  People  of'lthe  Earth  who  live  under  the  fame 
Parallels,  buc  oppofite  Meridians. 

The  Antiaci  are  thofe  People  of  the  Earth  who  live  under  the  fame 
Meridians,  but  oppofite  Parallels. 

The  Antipodes  are  fituated  direftly  oppofite  to  each  other,  the  P>et 
of  the  one  dire<Sly  againft  the  Feet  of  the  other,  lying  under  op- 
pofite Parallels  and  oppofite  Meridians.  It  is  Alidnight  with  one 
when  it  is  Noon  Day  with  the  other  j  the  l^&ngeft  Day  with  the  one 
is  the  Ihorteft  with  the  other ;  the  Length  of  tlie  Day  with  the  one 
^  F  2  is 


44  An  Intrp4i*9iqn  to  the  Art  ©f  Naticatioit; 

is  equal  to  the  oAef*s  Night ;    and  the  Seafons<  are  oppofite^  being 
Sumhier  with  (he  one  when  it  is  Winter  with  the  other. 

The  ILal  Parts  are  Earth  and  Water,  generally  divided  into  four 
parts  or  Qyarters,  called  £uropfj  Afia^  JfrUoy  and  Anurica  \  each 
of  thefe,  and  coiifequently  the  wh^le  Giolie,  is  divided  into  Conti- 
nents, Iflands,  Seas,^&£. 

A  Ccntintnt  is  a  great  Quantity  of  Land  not  divided  by  the  Seag 
wherein  arc  fevcr^l  Empires,  KingJoms,  and  Countries  conjoioed) 
as  Europe^  Afta^  and  Africa,^  is  one  Continent,  and  America  another. 
:    An  IJland  is  a  Part  of  the  £a(th  that  is  environed  or-  encompafied 
round  by  the  Sp?,  ^s  Great  Britain  and  Ireland. 

A  Peninfula  is  a  Fart  of  Land  almoft  fui rounded  with  Water, 
fave  one  narrow  Neck  of  Land  which  joins  the  fame  to  the  Con* 
tinent.     ^  -  ■  -  .  ■ 

An  IJihmus  is  g  narrow  Neck  of  Lai'd  joining  the  Peninfula  to  tho 
Continent)  by  which  the  People  may  pafs  from  one  to  the  other.  ^ 

«  A  Promontory  is  a  high  Part  of  Land,  ftretching  itfelf  into  the  Sea,  * 
the  Extremity  of  which  is  called  a  Cape  or  Headland. 

A  Mountain  is  a  rifing  Part  of  dry  Land  over-topping  the  adjacent 
Country,  -^nd  Appearing  iirft  at  a  Diftance. 

The  Larth  b^iflg  enpompaffed  with  Water,  vriiofe  W^fhlngs  in 
furroundi'^g  the  dry  Xt^niy  cut  and  fhape  many  winding  Bays, 
Cf'ieks,  Am  Dica^dprmg  Inlets,  and  extcAding  ixi%\i  toiAj^d  them  all, 
ifi  but  one  /continued  Oceap. 

An  Ocean  is  a  vafl:  Colleidiion  of  Salt  Water,  feparating  Conti-* 
nents  fron^  one  aA<9!th^r,  and  \vai^ii:g  their  Borders  or  Shores. 

A  Sea  is  Part  of  the  Ocean,  £o  which  we  muft  iail  through  ibtno 
Strait,  as  the  M^diterr^man^  aiwi  Baltic  Ssa^. 

A  Sirait  is  a^narrpw  Part  of  the  Oceap  lying  between  tv/a  Shores, 
and  opening  a  Way  into  fon;i^.  Sca^  %s  the  Straits  oi  Gibraltar  that 
lead  mto  the  Mediterranean  Sea,  and  the  Sound  which  leads  into  thq 
Baltic  Sei.        : 

A  Creek  is  a  ftp^Jl  narrow  Part  of  the  Sea  or  River,  that  goes  up 
but  a  littlcj  Way  '\t\v^  the  Land. 

A  Bay  is  a  great  Inlet  of  the  Land,  as  the  Bay  ofBific^j  and  th« 
Bay  of  Mexico  9  odij&rwife  a  Bay  is  a  Station  or  Roadf  for  Ships  to  an-- 
chor  in, 

A  River  is  a  confiderable  Stream  of  Water  ifluing  out  of  one  or 
various  jSprings^  ^f\d  continually  diding  along  in  one  or  more  Chan«» 
nels,  lill  it  difcharges  itfelf  into  the  Ocean :  ThQ  lefler  Streams  arf 
called  Rivulets, 

A  Lake  is  that  which  continually  retains  and  keeps  Water  in  it,  ag 
the  Lake  Zftir^  in  Africay  and  Nicaragua^  in  Anurica. 

A  Gulph  is  a  Part  of  the  Ocean  or  Siea,  contained  between  two 
Shores,  and  is  every  where  environpd  by  Land,  except  its  Entrance, 
where  it  communicates  widi  other  3ays,  Seas,  or  Oceans* 
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There  are  five  Oceans,  namely,  the  Northern^  the  Jilantic^  tho 
Pacific^  the  Indian^  and  the  Southern. 

The  Atlantic  Ocean  is  ufually  divided  into  two  Parts,  one  caUcd  the 
^ortb  JtlanHc  Ocutn^  and  the  other  the  Smtb  Atknticy  or  EMtfU 
OcMtf, 

The  Northern  Ocean  ftretches  to  the  Northward  of  Europe^  AJk^ 
find  America^  townrds  the  North  Pole* 

The  Atlantic  Ocean  lies  between  the  Continents  of  Ewftpi  an4 
Jf^HiOy  on  the  Eaft,  and  America  on  the  Weft. 
.  That  Part  of  the  North  Atlantic  Ocean  lying  between  Ewir$pt9iti 
Amtrka^  is  frequency  called  the  Weftern  Oeean. 

The  /WjiSr  Oeean^  or^  as  it  is  fometiiMs  called^  the  South  Sea^  is 
l>ounded  by  the  Weftern  and  North- weft  Shores  of  Amirica^  and  bjf 
Ibe  £aftcrn  and  North^eaft  Shorts  ef  Afio.  <     , 

The  Indian  Otean  jpilhes  th«  Shores  of  the  Eaftern  Coafts  of 
Jfricay  and  die  Sauth  of  Afia^  Md  ie  bounded  on  the  Daft  by  the 
bdiam  Hands  and  the  Southern  Cmtiaent.  ' 

.   The  Souiiitn  Ocean  extends  to  <he  Southward  of  ^ca  and  Ami^^ 
rAr#.  towards  the  South  Pole, 

c  Note*  Here  the  Teacher  wil)  perhaps  find  it  cdnvement  to  haw 
%  G}obe»  or  Map  of  the  World  before  him,  whereon  He  can  poiat' 
^iMthe  feveiai  Pofitions,  Latitudes,  Longitudes,  &c.  to  the  Pupil ; 
as  that  will  ftieogdien  his  Memory,  and  give  him  a  better  Idea  thail 
be  can  poffiUy  beve  by  only  reading  them  over.  The  fame  may  bo 
rtleram  in  i«adii»|  Ae  U(s  of  O^mei's  Scale  and  die  Qjiadxant. 
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THE  gFcat' End  and  BttfinefeorNavtgation  is  to  ingraft  the^Ma*^ 
riner  how  to  condu(5l  a  Ship  through  the  wide  and  patblc& 
Ocean>  to.  die  f ^moteft  Parts  of  the  World,  the  fafeft  and  (hortcft 
Way,  in  Paiiages  navigable^  ■  " 

For  the  due  and  regular  Performance  of  which  arc  requ^i(e<^>^ 
a  perfe£t  Knowledge  of  the  Figure  and  Motion  of  the  Earthy  the 
iiariou$  irea^  and  imaginary  Lines  uponiit,  ^as  to  be  able  tOrafcer-)^ 
tain  the  real  Diftance  and  Situation  of  Places  with  refpeft  tooM 
f  anotker^  with  the  U(e  of  the  feyeral  InflnimenCs  made  Ufe  of  in  niea- 
foring  the  Ship's  Way;  fuch  as  the  Log,  Half-minute  Ghlk^ 
Quadrant,  to  take  the  Altitude  of  the  Sun  and  Stars  ;  Compals^  to 
jpepreient  the  fenfible  Horizon ;  and  Azimuth  Compafs,  tOftdce^the 
Azimuth  or  Amplitude  of  the  Sun,  in  order  to  know  the  Variation 
of  the  m^neti^;Needle ;  Maps  or  Charts  of  the  Se^  and  Lands  to-» 
gether  with  the  Depth  of  Water,  and  the  TimcSs  and  Settings  of  the 
Tides  upon  the  Coafts  he  may  have  Occad^n  to  approach .  near ;'  ai 
competent  Knowledge  of  Currents;  ^f  the  Moula  and  Trim  of  the 
Ships  and  the  Sail  (he  bears,  that  fo  due  Allowance  may  be  made 
for  Leeway:  By  Help  of  thefe,  and  Skill  in  the  Navigator,  he  mair 
know  at  all  Times  the  Place  the  Ship  is  in,  which  Way  he  muft 
ftcer,  and  how  far,  to  gain  his  intended  Port.      ' 

Notwt||i|^anding  what  has  been  faid,  it  may  not  be  improger  here 
toobferve,  that. 

As  Latitude  is  counted  from  the  Equator  upon  an  Arch  of  the 
li^eridian,  North  and  South,  the  Difference  of  Latitude  bet\^een 
two  Places,  both  North  or  both  South,  is  found  by  fubtrafling  the 
lefs  Latitude  from  the  greater  ;  ,  but  if  one  Latitude  be  North  and 
the  other  South,  .  the  Difference  is  found  by  adding  both  Latitudes 
togcthcr- 

Confequently,    if  a  Ship  in  North  Latitude  fails  l^therly,  or  in 

^South  Latitude  Southerly,  (he  encreafes  her  LatitudeT  but  in  North 

Latitude  failing  Southerly,   or  in  South  Latitude  failing  Northeily, 

fbe  decreafes  her  Latitude  ;   becaufe  fhe  fails  nearer  to  the  Equator, 

from  whence  the  Latitude  is  reckoned. 

Wherefore  in  North  Latitude  failing  Northerly,  or  in  Sodl!h  Lati« 
•tude  failing  Southerly,  the  Difference  of  Latitude  added  to  the  Lati- 
tude left,  give^the  Latitude  in. 

InNor£^  llUkitude  failing  Southerly,  or  in  South  Latitude  failing 
Northerly,  the  Dift'erence  of  Latitude  fubtradcd  from  the  Latitude 
left,  gives  the  Latitude  in. 

When 
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When  the  Latitude  dedeafeS)  and  the  DiiFerence  of  Latitude  is 

greater  than  the  latitude  I'ailed  from,  fubtradt  the  Latitude  left  boat 

the  Difference,  and  the  Remainder  will  be  the  Latitude  in,  awl  of  a 

different  Naune  ;  for  at  is  plain,  in  this  Cafe,  that  the  Ship  hs  cro£- 

^ied  the  £quator« 

As  the  Longitude  is  counted  from  thefffft  Meridian  Eaft  and  Wefl, 
untilit  comes  to  the  oppofitc  Meridian,  therefore  it  cannot  excoei 
iSdVegrees. 

The  Difference  of  Longitude  between  two  Places,  being  both 
£aft  or  Weft,  is  found  by  fubtra<%ng  the  lefs  Longitude  frvim 
the  greater  i  but  if  one  be  in  Eaft  Longitude  and  the  other  in  Weft^ 
their  Sum  is  the  Difference  of  Longitude. 

Theref<||p  in  EaiitLongitude  failing  Eaflerly,  or  in  Wefl  Lon- 
gitude failing  Wefterly,  the  Difference  of  Longitude  added  to  the 
Longitude  left,  gives  the  Longitude  in. 

In  Eaft  Longitude  failing  Welterly,  or  in  Wefl^^rongitude  failiM; 
Eafterly,  the  Difference  of  Longitule  fubtra(£led  from  the  Longitude 
left,  gives  the  Longit|de  in. 

When  a^Ship  fails  xafl  or  Wefl,  until  (he  piffes  the  ,oppofi|;e  Me- 
;^  ridian,  or  i8o  Degrees,  (be  changes  her  Longitude,  or  comes  int9 
a  Longitude  of  a  di^erent  Name. 

What  has  been  /aid,  will  be  rendered  familiar  to  the  L^ner  bf 
the  followii^  Examples : 


fixAMP.  I.  What  is  the  Di&rence 
of  Latitude  between  London  in 
Ladtude  51*^  32'  N.  and  Rome  in 
latitude  41®  54' N? 


From  London's  Lat, 
Subtract  Rome's  Lat. 

Rem.  the  Diff.  of  Lat. 


5» 
41 


/ 

32N, 

54N. 


6l 


38N. 


•DiCinMilcs      —      578 


Ex  A  MP.  II.  A  Ship  from  Latitude 
zg"^  i'j'f  S.  fails  southward  audi 
her  Difference  oT  Latitude  be  374 
Miles^  what  Latitude  is  (he  com9 
to? 

•       f 

Latitude  failed  from         29  :  17$. 
Diff.  of  Lat.  374  -r  60  =s  6  :  14S. 


Lat  in 


35  •  3«S. 


ExAMP.  in.  Required  the  Dif- 
ference ofjLatitudc  between  Cape 
Fiiiiftcrre,^md  Cape   Rogue  in 

South  America  ? 

o       / 

oo. 


Cape  Finiftene's  Lat. 
Cape  Rogtte>  Lat. 


4* 
5 


DiflF.of^at. 
DiiF,  in  NGles 


47 
60 

2872 


S^t 


Ex  AMP.  IV.- A  Ship  from  Latitude 
8«  isl  N.  fails  South  600  Milts, 
wbat  Latitude  is  fhe  in  ? 

From  Diff.  of  Lat  foo     *       ' 
Miles,  or  10  :  ooS« 

Sub.  Lat.  left  8  :  a^N. 


Di£  Lat.  in 


3SS. 


la 
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In  die  laft  Examine  it  is  plain,  that  a^the  DiSbtenctof  taHitiide 
if  inoie  than  the  Latitude  Idft,  the  Shipmuft  bare  crofled  die  Eqoai* 
tor,  mi  confequently  come  into  South  Latittide. 

Nffte,  When  one  of  th^Places  has  no  Latitude,  dr  h  on  thldi 
£quator>  then  the  Lat,  on|e  other  I^ace  is  their  Difference  pf  La«- 
Ikiide*  ^     ^ 


ExAMV.  V.  What  is  the  Diftrenc^ 

,    loi  Longitude  between  Cape  Finif- 

tene  axul  £aft  Point  of  Baibadoes^ 

X^^pe  FiDiflcroe's  Long*     9  :  i4W* 
Barbadbes'  Long*  59  :  57  W* 

Z>i£ofLong.     ^1 


50  i^fK. 
60  ^ 


Dir.ia  Miles. 


50^3 


Ex  A  MP*  VII.  Wfiat  18  the  Differ- 
ence of  Longitude  between  Bar- 
celona and  Liibon  i 


Sanrcelona's  Long. 
Lifbon's  Long. 

Diff.  of  Long. 


a 
9 


foE. 


ExAMP.  VI.  A  Ship  from  Capi^ 
Charles  in  Vir^ima  fails  VldU 
wardi  tin  her  Ekiffinence  of  Loo* 
gitude  b^oo  Miie^  what  Lon- 
gitude is  ^  in  f 


Cajie  Charles's  Long.      7  ^ 
Din.  of  L.  400  MileiB  ss    6 


46W, 


II 


2(JW. 


ExAMT.  IX.  What  is.  the  DifFerenqe 
of  Langitude  between  the  N.  E. 
Pbinr  of  Japan  and  St.  Chrifto- 
pher's  ? 

N.  Po*  of  Japan's  Lat.  140  :  7^  E. 
^  Chi?ft,  Long.  62  ;  4^W. 


Exfteedsi8o?fip'. 


I>t£  of  Long. 


f6o 


00 


156  :  S3 


Long-  in   ^ 


82  :  ^qW, 


ExAscp.  Vni.  A  Ship  from  15^  40^ 
E.  Long,  fails  Weftward  till  her 
Diff.  of  LdD|;.  be  a^^  i^^,  wh^t 
Lon£.  is  fhe  in  ? 
►njgj.Teft  15  •  40J 

of  Long.  2-7  :  ijt 


Long,  in 


II  :  3sW. 


Ex  A  MP.  X.  A  Ship  from  Longitude 
160^  20'  N\ii  fails  Weft war<f  until 
fhe  dijfers  her  Long.  41  ^20^  what 
Long,  is  fhe  in  ? 

Long,  left 


Difn  of  Long. 
Long*  in 


160 
4« 


20W. 
20W. 


201  ;  40 
360  :  00 

15&  :  ao  E« 


Here  it  is  plaii|»  that  the  Ship  has 
croffed  the  oppofitc  Meridian,  and 
therefore  has  come  iiM^  a  LoPgHQclit 
of  a  different  Nai?^ 


In 
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In  farling  due  North  or  South,  the  Ship  changes  her  Latitude  only ; 
and  failing  Eaft  or  Weft  her  Longitude  ;  but  (ailing  upon  any  other 
Courfe,  me  muft  change  both  Latitude  and  Lonc^tude. 

Eafting  or  Wcfting  in  Plane  Sailing  is  called  Departure  or  Meri- 
idian  Diftance. 

The  Inftrjuoienit  ufed  In  meafuring  a  Ship's  Way  at  Sea,  is  the 
Lo|* 

Ships  at  Sea  are  direded  frona  one  Place  to  another  by  Means  of 
an  loft'Tunoent  called  the  Mariner's  Compafs. 

Th€  Mariner's Compais  is  an  Artificial  Reprefentation  of  the  Ho- 
rizon of  every  Place,  by  the  Means  of  a  circular  Piece  of  Paper,  cal- 
led a  Card,  divided  likie  the  horizon  into  Degrees  and  Points,  which 
are  called  Rbutnbs.  Now  the  Card  being  properly  fixed  to  a  Piece 
of  £teel,  called  the  Needle,  that  has  been  touched  with  a  Loadftone 
^whofe  Property  is;fuchas  to  caufe  one  End  of  the  Needle  fo  touch- 
ed to  point  towards  the  Norjth,  when  turning  freely  on  fomething 
/fupporting  it)  all  the  Points  of  the  Card  will  be  direded  towards  the 
correfponding  Points  of  the  Horizon:  ^ 

NoT^.  All  the  Cafes  in  Plane  failing  may  be  ftated  thus : 


*1:  2  a  ^ 


lb 
5 


.-  2  S  S 

IZ    O    Kt    ra 


Us 

a 


un 


As  Radiuii 
Is  to  the  Dt^anc^ 
So  is  Sine  Courfe 
Tq  the  Departure. 


Jr  As  Radii 
LTo  the  D 


Radius 

DiftancCy 
-Sine  Courfe 
Difference  of  Ladtvd^ 


As  Co-Sine  Courfe 

Is  to  the  Diff.  of  Latitude^ 

So  is  Sine  Courfe 

To  the  Departure. 


hi 


As  Co-Sine  Courfe 

to  the  DiA'er^ce  of  Latitude, 

is  Radius 
To  the  Pittance. 


As  the  Sine  of  the  Courfe 

Js  to  the  I>cpartur^ 

So  is  Co-Sine  Coui;fe 

To  the  Difference  of  Latitude. 


ITAstl 
iTotl 


the  Sine  of  die  Courfe 
the  Departure, 

Radius 
the  Diftance. 


As  the  Diftance 

Is  to  Radius, 

So  is  the  Di^erence  of  Latitude 

To  the  Co-Sine  of  the  Courfe. 


CToti 


As  Radius 

the  Di<tance> 
the  Sine  of  the  Courfe 
the  Departure.  ■ 


As  the  .Di  (lance 

Is  to  Radius, 

So  is  the  Departure 

To  the  Sine  of  the  Cour(e« 


irA.B 
(.Tot 


Radius 

the  Diftance, 

Co-Sine  Courfe 
the  Difference  of  Latitude. 


As  the  Difference  of  Latitude 

Is  to  Radius, 

So  is  the  Departure 

To  the  Tangent  of  the  Courfe. 


M 


As  the  Sine  of  the  Courfe 
Is  to  the  Departure^ 
So  is  Radius 
TotheDiilaAce* 


The 
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Hence  it  follow?,  that  in  every  Place  the  North  Point  of  thq  Card 
fhews  the  Pofition  of  the  Meridian  ^t  that  Place,  and  fomc  one 
Rhumb  or  Point  of  the  Card  will  coincide  with,  or  be  direfted  along  ; 
the  IVack  that  makes  any  given  Angle  with  the  Meridian ;  confe- 
ijuently,  by  the  Help  of  the  Card  or  Compafs,  a  Ship  may  be  kept 
in  any  propoffcd  Track  or  Couife, 

A  Rhumb  Line,  or  Point,  is  a  Right  Line  drs^wn  from  the  Cen- 
tre of  the  Compafs  to  the  Horizon,  and  is  named  from  that  Point  of 
the  Horizon  it  falls  ip  with, 

The  Courfe  is  the  Apgle  which  any  Rhumb  Line  makes  with  the 
Meridian,  find  is  fometimes  reckoned  in  Degrees,  and  fomedm^s  in 
points  of  the  Compafs ;  fo  that  if  a  Ship  fails  upon  the  fecond  Rhumb 
pr  N»  Nt  E.  tbp  Courfe  is  22  Degrees  30  Minutes  :  Aqd  fo  for  any 
other,  as  in  the  following  Table,  which  the  Learner  (hould  be  to 
well  acquainted  with,  or  the  Compafs,  as  to  be  able  readily  to  tcJl 
bow  many  Points  any  Courfe  or  Rbuml)  is  diftant  frofc  ^e  Me- 
f irfiaPi'  Qf  Uom  the  Pw^'kl, 


(     SI     ) 

A  Table  of  the  Jngks  which  every  Point  of  the  Compofs  makes  with 

the  Meridian* 


North. 

South. 

Points. 

D.  M. 

North. 

South. 

N.  by  E. 

S.   byE. 

I 

i 

1 

2.49 
5-37 
8.26 

U.I5 

N.  by  W. 

S.  by  W. 

N.  N.  E. 

S.  S.  £. 

I 
I 
I 

2 

1 

z 
z 

14.  4 
16.52 
19.41 
22.30 

N.  N.  W. 

S.  S.  W 

NEbyN 

S  E  by  S. 

2 
2 

2 

3 

1 . 

25.19 
28.  7 
30.56 
33-45 

S.  W.  by  N. 

S.W.byS 

N.  E. 

S.  E. 

3 
3 

3 
4 

i 

36-34 
39.42 
42.11 

45.  0 

N.  W. 

S.  W. 

NEbyE 

S.E.  byE- 

4 
4 

4 
5 

i 

47-49 

50-37 
53.26 

56.15 

N.  W.  by  W. 

SWbyW 

E.  N.  e! 

E.S.  E. 

5 
S 

1 

i 

I 

-2 

59-4 
61.52 
64.42 
67.30 

W.  N.  W. 

W.S.W. 

E.  by  N. 

E.  by  S. 

6 
6 
6 

7 

i 
i 

70.19 

73-  7 
75-56 
78.45 

w.  bv  N. 

W.  by  S. 

Eaft. 

7 
7 
7 
8 

i 

81.34 
84.22 
87.11 
90.  0 

Weft. 

1 

G  z 

P  J 

.  A  N  E 
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PLANE      S   A   I   L   I    N   C/ 

PLANE  SAILING  is  the  Art  of  NavigathTg  a  Ship  apoir 
Principles  deduced  from  the  Notion  of  the  Earth's  being  an€X-« 
tended  Plane  ;  and  is  no  more  than  the  Application  of  Plane  Tri^^ 
gonometry  to  the  Solution  of  the  feveral  Variations,  ,  6r  Cafes  j' 
where  the  Hypothenufe,  or  longeft  Side,  is  always  the  Rhumb  that; 
the  Ship  fails  upon.  ; 

The  Perpendicular  is  the  DiflFercuce  of  Lati^pde  counied  on  thet 
Meridian,  and  the  Bafe  the  Departure  :  which  is  either  £a;fting  or 
Wefting,  counted  from  the  Meridian^ 

The  Angle  oppofite  the  Bafe  is  die  Courfe,  or  Angle,  rfrat  the  Ship 
Hiakes  with  the  Meridian  j  and  the  Angle  oppofite  the  Perpendicular 
ii  the  Complement  of  the  Courfe,  which  being  taken  together^  make 
always  eight  Points  or  Rhumbs,  which  is  90  Degrees, 
:  In.  conftru£ling  Figures  relating  to  a  Ship's  (fourfe,  let  the  upper. 
Part  of  the  Paper,  or  what  the  Fig»rc  is  drawn  upon,  always  repre- 
fent  the  North  ;.the  lower  Part  will  be  the  South  ;  the  Right  Hafid 
Eaft  ;  and  the  Left  Weft. 

Draw  the  North  and  South  Line  to  reprefent  the  Meridian  of  the 
Place  the  Ship  fails  from  ;  then  if  the  Ships  Coiirfc  is  to  the  South- 
ward, mark  the  upper  End  of  the  Line  for  the  Place  failed  from  ; 
but  if  tl\e  Courfe  is  Northward,  mark  the  Lower  End  for  that 
Place. 

When  the  Courfe  is  Eafterly,  defcrrbctbe  Arch,  and  by  off  the 
Courfe  and  Departure  on  the  Right  Hand  Side  of  the  Meridian  >  but 
when  Wefterly  on  the  Left  Hand  Side. 

•  When  the  Courfe  is  given  in  Degrees,  the  Degrees  expreiffii^  ft 
rpuft  be  taken  from  the  Line  of  Chords  5  but  when  in  Points  from 
the  Line  of  Rhumbs ;  and  is  always  to  be  laid  ofF  upon  the  Arch, 
beginning  at  the  Meridian. 

When  the  Courfe  is  given  in  Points,  it  may  be  fet  down  with  its 
correfponding  Logarithm  in  Points  in  the  Calculation,  ^s  found  in 
the  firft  Page  of  the  Logarithms,  without  reducing  it  into  Degrees, 
as  it  ieems  altogether  unncceffary.* 

In  all  Cafes,  wherever  the  Complement  Courfe,  or  Co-fine,  &c.  is 
ufcd,  the  Degrees  or  Points  put  down  is  the  Courfe  itfelf;  yet  the 
Logarithm  belonging  to  the  Complement,  or  Co- fine,  &c,  of  that 
Courfe  is  taken. 

CASE 


PtANfi    SAlLtKO. 


St 


C    A    S    E      L'      ^ 

C^urfe  and  Dijiance  failed  givh^   to  find  the  Difference  rf  Latitudt  and 
the  Departure  frmn  the  Meridian* 

Suppofe  a  Ship  from  the  Lizard  in  thtf  Lsttitiufe  of  49*  57'  Nordi, 
fails  S.  W".  by  W.  496  Miles ;  required  the  Latitude  come  to,  and 
Departure  from  the  Meridian  ? 

By     P    R    O    J    E    C  T    I    O    N. 

Draw  the  Meridian  or  Difference  of  Latitude,  with  the  Chofd  o(f 
60^  in  your  Compafles,  and  one  Foot  in  C,  deicribe  an  Arch,  take 
56""  15' or  5  Points  in  your  Compafles,  and  lay  off  that  Diftance 
upon  the  Arch  from  B  C  towards  C  A  ;  through  the  Point  where  it 
cuts,  draw  the  Diftance  C  A  ;  upon  which  fet  off  496 :  from  A  let 
fell  the  Perpendicular  A  B,  the  Departure^  and  it  is  done ;  for  A  B 
being  meafured  on  the  fame  Scale  that  A  C  w4«|  will  give  the  De- 
parture 412.4,  and  B  C  275.6  the  Diff*  of  Lat. 

c 

The  Calculation  is  the 
fame  as   Problem    L    in 

THIGONOMETRY. 

I  (hall  work  this  Cafe 
by  making  each  Side  Ra- 
dius. 


By  making  the  Diftance  Radius  it  will  be  by  Axiom  L 


The  Courfe  5  Points  =  56^  j  ^.       The  Co-Courfc 

To  find  the  Departure. 

^8  Radios  ,    90'     io>ooodo 

Is  to  the  Diftance  496  2,69548 

So  is  Sine  Courfe  5  Pts.      9*91985 


5  Points    a3«  4 
To  find  the  Dififcrence  of  Xat» 


45^ 


",61533 
10,00000 


As  Radius  90^  10,00000 

Is  to  the  Dift.      406       ^    2,69548 
So  is  Co-fine  Coom  5  Pts.    9*74474 

12,4402a 
10,00000 


To  the  Dq>iutare  412.4     2^1533    To  the  DiC  of  Lat  275,6  2,4402a 


New 
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Now  as  the  Ship  is  in  North  Latitude  failing  Southerly  from  the 

Latitude  left  ^  '    ■■■  -  49*"  57'N* 

Take  the  Difference  of  Latitude    275,6  tr  4    36  S. 

Gives  the  Latitudfsia  .  45    21N. 

And  the  Departure  from  the  Meridian  is  41294  Miles^ 

By  making  the  Departure  Radius  it  will  be, 

To  find  the  Departure.  To  find  the  DiflT.  of  Lat. 

As  Co-Sec.  Courfe  5  Pts.  10,0801^  As  Co-Sec.  Courfe  5  Pts.  10.08015 

lstodieI)ift.            496      2,69548  IstotheDift.          496        2^69548 

So  is  Radius  8  Pts  90^      lo.ooood  -So  is  Co-Tan.  Couttef  5  fts.  9,82489 

12,69548  i«>52037 

10,0801  J  /        10,08015 

To  the  Dcpartute  412.4       2,61533  'TotheDiff.  of  Lat,  275^6  2^44022 


By  making  the  Difference  of  Latitude  Radius,  it  will  be, 

To  find  the  Departura^  To  find  the  Difference  of  L^titade« 

As  Sec.  Courfe    5  Pts.      io,25;526  As  Sec.  Courfe,  5  Pts.       10,25526 

IstotheDift.      -    496         2,69548  IstotheDift,  496        2,69548 

So  is  Tang.  Courfe  5  Pts.   1 0,1 751 1  So  is  Radius  8  Pts,  90*^       10,00000 

12^87059  12,6954^ 

,  10125526  10,25526 

To^the  Dep.    4ii',4     •      2,61535    To  the  DiiF.  of  Lat.  275,6  2,44022 

"  Here  all  the  three  Sides  are  made  Radius,  to  find  the  Difference 
of  Latitude  and  Departure ;  therefore,  the  Learner  may  make 
which  Side  Radius  he  pleafes  ;  but  as  for  my  Part,  I  (hall  make  the 
firfl,  Y^ere  the  Diftance  is  made  Radius,  whenever  the  Courfe  is 
given. 

Though  this  Method  of  working  by  Logarithms  is  certain,  yet 
the  fame  may  be  wrought  by  Gunter's  Scale  and  CompafTes,  much 
more  expeditioufly  j  and  exad  enough  in  the  Pradlice  of  Navigation. 

Note.  When  the  Courfe  is  given  in  Points,  make  Ufe  of  the 
Lines  marked  Sine  Rhumbs,  and  Tangent  Rhumbs,  on  the  upper 
Side  of  the  Scale ;  when  in  Degrees  make  Ufe  of  the  Lines  marked 
Sine  and  Tangent. 

Bj 
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By      G    U    N    T    E    R.* 

Now  to  perform  the  laft  Cafe,  extend  from  Radius,  or  8  Points  to 
5  Points  on  the  Line  marked  S  R ;  that  Extent  will  reach  from  the 
Di(lance496  to  the  Departure  412.4  on  the  Line  of  Numbers. 

2dly.  ^  Extend  from  Radius  or  8  Points  to  3  Points,  (the  Com- 
plement of  the  Courfe)  on  the'Line  S  R ;  that  Extent  will  reach  fron 
the  Diftance  496  to  the  Difference  of  Latitude  275.6  on  the  Line  of 
Numbers.' 

Thus  m^y  all  the  Operations  be  performed  in  the  feveral  Cafes  q£ 
Navigation. 

By  this  Cafe  is  calculated  the  Tables  of  Latitude  and  Departure 
for  every  De^ee,  Point,  and  Quarter  Poiot  of  the  Mariner's  Com* 
pafs,  to  the  Diftance  of  300  Miles,  which  is  of  excellent  Ufe  in 
working  Days  Works  at  Sea,  and  may  be  applied  both  to  Middle 
Latitude  and  Mercator's  Sailing,  as  £ba!l  be  (hewn  hereafter  ;  we 
fliall  only  proceed  now  to  the  Working  of  the'  laft  Cafe  by  the  Ta- 
ble of  DifF,  of  Latitude  and  Departure. 

By    INSPECTION, 

Find  the  given  Courfe  at  the  Top  or  Bottom  of  the  Tables,  ci- 
ther among  the  Points  or  Degrees,  and  in  that  Page,  and  right  againfl: 
the  Diftance  taken  in  its  Column,  ftand  the  Difference  of  Latitude 
^d  Departure  in  their  Columns. 

Thus  the  Courfe  is  S.  W,  by  W,  or  5  Points,  which  is  found  at 
the  Bottom  of  the  Table  of  Difference  of  Latitude  and  Departure 
for  Points ;  and  as  the  Diftance  496  is  too  great  to  be  found  in  the 
Tables,  divide  it  by  2,  (or  any  other  convenient  Number)  and  that 
gives  248,  which  look  for  in  the  Diftance  Column,  and  right  againfl: 
it  ftands  137.8  for  the  Difference  of  Latitude,  and  3L06.2  for  the 
Departure,  which  being  doubled,  (becaufc  divided  by  2)  gives 
J75.6  for  the  Difterence  of  Latitude,  and  412.4  for  the  Departure, 
the  fame  as  before.  Any  of  thefe  Methods  will  do,  but  the  laft^is 
chiefly  pradifed  at  Sea. 

CASE      II. 

/ 
Courji  art4  Difference  of  Latitude  givetiy  to  find  the  Diftance  run^  and 
Departure  from  the  Meridian. 

If  a  Ship  runs  S.  E.  by  E.  from  1**  45'  North  Latitude,  and  then 
by  Obfervation  is  in  2^  %0^  South  L^titude^  what  is  her  Diftance 
and  Departure  ? 

Now 
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Now  in  this  Cafe,  as  the  Ship  has  crofied  the  Equator,  therefore 
the  Latitude  i**  45'  N.  added  to  2^*  s^  S.  is  4*"  35',  which  multi.^ 
piied  by  60  gives  275  Miks  for  the  Difference  of  Latitude, 

B 
Conftrudied  the  lame  a&  Probjem 
Vn.  in  Geometry. 

Draw  B  C  =  275,  and  B  A  making 
an  Angle  with  8  0  =  5  Points,  or  56*     . . 
15' »   upon  C  ere£t  the  Perpendicular     <^ 
C  AutoJoin  B  A  in  A,  and  it  is  done ;     ^ 

then  will  C  A  sz  412,  and  AB  r:  496.        I 

C 

By  making  the  Diftance  A  B  Radius  it  will  be, 
ConvTe  S.  E.  by  E,  5  Pts.  =:  56''  15'      Compfcmeot  3  Points  s;:  33^  45' 

T«  find  the  Departure.  To  find  the  Diftancc. 

As  Co-fine  Courfc  5  Pts.  9.74474  As  Co-fine  Courfe  5  Pts.  9^74474 
Is  to  the  Diff.  of  Lat.  27^  2.43933  Is  to  the  Diff,  of  Lat.  275  2.43933 
So  is  S.  Couife  5  Points       9*91985    So  is  Radius  10.00000 


12.35918 
9'744-74 


>M393J 

9-74474 


To  the  Depiutare  411.6       2.61444    To  the  Diilance  495  2.69459 

Hence  the  Ship's  Diftance  run  is  49 j  Miles,  and  her  peparture 
from  the  Meridian  is  41 1.6  Eaflerly. 

By    G    U    N    T    E    R. 

*  Extend  from  3  to  5  Points  on  the  Line  marked  S  R,  that  £»• 
tent  will  reach  from  the  Difference  of  Latitude  275  to  the  Depar. 
cure  41 1.6  on  the  Line  of  Numbers.' 

adly.  *  Extend  from  Radius  or  8  Points  to  3  Points,  that  Extent 
will  reach  from  the  Difference  of  Latitude  ^75  to  the  Diftance  495 
on  the  Line  of  Numbers/ 


By    I  N  S  P  E  C  T  ION, 

Find  the  Courfe  among  the  Points  or  Degrees,  and  the  Differ*- 
cnce  of  Latitude  in  its  Cdumn,  right  againil  which  ft^d  the  Di(^ 
tance  and  Departure  in  their  Coliimns. 

Now  as  the  Difterenccof  Latitiide  275  is  too  great  to  be  found  ii% 
the  Tables,  I  divide  it  by  5,  and  that  gives  55,  which  I  find 
over  5  Points  in  the  Latitude  Column  j  againft  that  ftands  99 
for  the  Diftance,  and  82.3  for  the  Departure,  which  being  multi- 
plied by  5  is  495  the  Diftance,  and  411.5  the  Departure,  nearly  as 
before. 

CASE 


PL  A  N  £•  S  AI  LIN  Q.  ^ 

C  .A.S    E      UL 

^C»urje:  and^  Departun  from  the  Meridian  g^iven,    to  find  the  Bijlfinee 
and  Difference  of  Latitikdi. 

If  a  Ship  fails  N.  E.  by  E.  i  E.  from  a  Port  Jn  3?  15?  Soui 
%atitude,  until  Ihe  depart  from  heffirft  Meridian  412  'Miles^  - 1  de- 
thand  h^r  Diftance,  and  what  Latitude  ihe  is  in  ? 

Conftrufted  the  fame  as  Problem 
ViL  in  Geometry.        ...        .,     ^ 

Draw  A  D,  upon  \^Hich  cfcft  the 

^Peroendicular  A  B  ;•.  draw  the  Line. 

A  tmalring  an  Angle  With'  A  B  =: 

the  Gourfe  5 1  Points  or  64"*  41^     At 

the  Diftance  of  411  Miles  draw  DC  .    _ 

parallel  to  A  B  to  cut  A  C  in  C ;  through  the  Pqint  C  Jraw  B  C  pa- 
raHei  to  A  D  to  cut  the  Meridian  A  B  j  then  \H1I  AC  tc  the  Dif- 
tance .456,  and  A  S  the  Dilt,  of  Lat.  195,  nearly. 

JBy  making  the  Diftance  A  C  Radius  it  will  be, 
Th^  Courfe  5  J  Points  =  64**  41'      Hie  Complement  2  i  Pts.  sz  25*  19 

'  To  find  the  DifF.  of  Lat.  To  find  the  Diftance. 

AsS.  Courfe  5  |  Pts.  9.95616    As  S.  Courfe  5^  Points       g.g^6i6 

is  to  the  Departure  412  2.61490  Is  to  the  Departure  412  2.61490 
So  is  Co-^Jlne  Cou.  5 1  Pts.  9^63099    So  is  Radius  10.00000 

12.24/89  12.61490 

^.^^6i6  9.95616 


'To  the  Diff.  of  Lat.  194,8  2.28973    To  the  Diftance  455.8  2^.65874 

I   ■■ "   ■  ■  till         •■— i 

From  the  Latitude  left             ■  ^^  r5'S. 

Subtraft  the  Difference  of  Latitude  195  Miles,  or  3     '5  N, 

-The  Rem.  bcipg nothing,  flicws  the  Ship  is  on  the  Equator*  6    bo 


By     G    U    N'  T    E    R. 

^  Extend  from  5  J  Points  to  2  J  on  the  Line  marked  S  R,  that 
Extent  will  reach  from  the  Peparture  412  'to  the  Difference  of  La- 
titadfe  194,8  on  the  Line  of  Numbers^' 

2dlyr  *  Extend  from  Radius  to^  J  Points,  that  Extent  wUl  reach 
from  the  Departure  412  to  thie  Diftance  455.8  Miles/ 

H  By 
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By    I  N  S  P  E  C  T  I  O  N. 

Fm3  the  Cotirfe  eidier  among  the  Points  or  Degrees,  ah<!  the  De« 
,  nurture  in  its  Colamh,  right  ag^nft  which  ftand  the  Diftance  and 
DiScx^encd  of  Latitade  in  their. rdrpe<^ive  Colamns. 

Thf^s^  #tth  the  Cdurfe  5  i  Pointy  and  |  the  Departure,  I  find 
228  for  the  Diftande^  atid  07.5  for  the  Difference  of  Latitude,  which 
'being  doubled,  gives  the  Diftance  456,  and  the  Difference  of  Lati« 
ludc  195,  as  before.  ^ 

CASE      IV. 

parture. 

Siippofe  a  ShTp  Tails  4^6  Mile^,  tsfet^rieeh  the  South  and  the  Eaft^ 
from  a  Pott  in'  2^  48^  South  Latitude,  ind  then  by  Obfervation  is  in 
7"^  ^3'  Sbdth  Latitude  \  what  Courfe  has  (He  fteere^,  and  what  De« 
parture  has  ihe  made  ;  ^ 

From  the  Latitude  by  Obfervation  7**  23',  take  2*  48*  the  Latitude 
left,  the  Remainder  4"*  35'  multiply  by  60  =  275,  the  Miles  or  Mi* 
imtes  of  Difference  of  Latitude,        '  *  ^* 


Conftrufled  as  Problem  Vllf .  in  Geo- 
metry. 

Draw  the  Meridian  A  B  =:  275 ;  upon 
■  B  ercft  the  Perpendicular  B  C  5  take 
496  in  your  CompafTes,  and  with  one 
Foot  on  A,  lay  the  other  on  the  Line 
B  C ;  join  A  and  C ;  then  will  B  C 
be  the   Departure  412,  and  the  Angle 


B  A  C  the  Courfe  =  56"*  ic/,  or  5  Points  nearly. 


To  find  the  Courfe. 


To  find  the  Dcpartore. 


A«t!M5Diftance496  2.69^48    As  Radius  j  0.00000 

-U  to  Radius  1 0.00000    Is  to  the  Diftancc  496  2.69548 

So>  the  Diff.  of  Lat.  275  2.43933    So  is  S.  Courfe  56^20'     9.92027 


"•43935 
2.69548 


%      12.6157^ 
io,oooocr 


To  Co-fincCou.  56^20'      9.7-^85    To  the  Departure  412.8       «.6i575 
Ilcnce  the  Courfe  is  S.  E.  by  E.  and  the  l>ep.  41 2.8  Milw. 


PL  A  NE    S  A  ILIN  G*  S9 

By    G  UN  T  E  R. 

*  The  Extent,  from  the  Diftance  496  to  theDifFerenceof  Latitude 
275  on  the  Line  of  Numbers^  .will  xeach  from  Radius  or  90^  to  33^ 
4C/  the  Co-Courfe  on  the  Line  of  Sines/ 

*  And  the  Extent,  from  Radius  to  56**  20'  on  the  Line  of  Sines, 
will  reach  from  the  Difiaiice4g6  to  the  Departure  412*8  en  the  Line 
0[  Numbers/ 

By    IN  S  P  B  CTI  ON. 

Seek  in  the  Tablest  till  againft  the  DtAance,  taken  in  its  Coliimny  . 
be  found  the  given  Difference  of  Latitude  iii  one  of  the  following  Co- 
lumns; and  adjoining  toitftands  tfte  Departure  ;  which,  if  lefs  than 
the  Difference  of  Latitude  the  Courie  b  found  at  the  Top ;  but  if 
greater,  the  Courfe  is  found  at  t|ie  Bottom. 

Now  with  half  the  Diftance  2489  and  h^If  die  Difierence  of  La- 
titude 1 37^5,  look  in  the  Tables  till  they  are  found  to  agree  in  their  • 
refpedive  Columns,  which  they  do  noi^y  over  5  Points^   againft  . 
them  {lands  1^06^2  for  th^  Departure,,  whjkh  being  doubled^  gives 
412.49  nearly  as  before^ 

CASEY. 

Dlftanci  ani  Dcpe^ure  givifty  to  find  the  Coufft  ani  Bifferirue  rf. 

l^aiiiude. 

Admit  a  Ship  fails  496  Minutes  betweea  the  North  and  Weft  from 
the  Ifland  Bermudas  in  Lat.*32°  25' North,  until  her  Dep.  is  412 
Miles ;  what  Courfe  has  (be  fleered,  and  what  Lat.  ijs  ihe  in  ?' 

Not€.  This  Cafe  is  cor^ruSed  much  the  fame  as  the  laft. 

Tofindt&eCoitffebr  To  find  tBe  I^of  Lat* 

As  the  Diftance  496  2.69^48    As  Radios  10.00000 

Is  to  Radius  lOfOoocp    1$  to  the  Diftance  496        . 2.69548 

Za  is  Oepaiture  412  2^61490    So  is  Co-Sine  Co.  56®  10^   9.74568 

12.61490  12.44116 

2.69548  10.C000D 

TotbeS^of  Cou*  56^10^  9*9 1942     TotheDifflofLat;  276.1   2.44 116 


Hence  the  Courfe  Is  N^  56^  10'  W.  or  N.  W.  by  W : 

H  2  To 


fitt 


^^  A  N1E  s  A  I  LI  n G.I 


To  the  Latitude  failed  from  32®  25'  add  tjie  DifFercnce  of  Latitude 
4*^  36'>  gives*37®  1',  the  Latitudfc  the'^ip  is  in. 


276,  or 


-  By      G    U    N    T.  X    R^ 

..^  'Ejctatni  from  the  Piftance  496  to  the  Departure  412  or  thcLin^  . 
of  Numbers,  that  Extent  will  reach  from  Radius  to  the  Courfe  56^.^ 
lO'  on  the  Line  of  Sines/ 

2dly,  *  Extend  fi;dm  Sladius  to. the  Comp^^njent  of  the  Courfc  33* 
fo'  on  the  Line  of  Sines,  that  Extent  will  reach  from  the  Diflanpe 
45(^16  the  DifR  of  Lat,  ^76  on^the  Lioe  of  Nutnbersi,' 


By    I  N  S  P  E  C  T  I  O  N. 

Seek  in  the  Tables  till  againft  the  Diftajice,  taken  in  its  CohimH^ 
be;  found  tlie  givenDcpartuire  in  one  of  the  ^following  Columns  j  «nd 
acNoming  to  it  ftands  die  J>iffcrenco  bfLatitude  ;<  which,  if  greater 
thin  the -Departure,  the  Gourfe  is  found  at  the  Top  ;  but  if  k6,  the. 
Courfe  is  found  at  the  Bottom. 

Now  with  half  the  Diftance  248,  and  half  the  Departure  206,  I 
look  in  the  Tables,  and  find  them  toigrete  injheir  Columns,  nearly 
over  5  Points,  againft  which  is  Latitude  137.8,  which  being  doubled 
is'' 275.6,  tbc.T>ifferehce  iof  Latitude  nearly  as  before. 


X--*A-  -S    E- 


VI. 


Difference,  af  Latbudd^  and,. Departure  gkieiiy  to  find  the  Courfc  and 

Diftance. 

•-   ••         .  '  ■-!.:•!',''*•  '   *  -  . 

A  Ship  fails  between  the  North  and  Weft  till  her  Difference  of  La* 
titude  \%  184  Milds,  ^nd  hejr,  Departure  is  1 15' Miles  j  I  dcOT?nd  her 
Courfe  and  Diftance  ? 


Conftrudled  as  Problem"  IX.  in  Gebm'etrjr f        C^ 

Draw  A  B  =  184,  and  Perpendicular  to  it  JS  C  =1 
I  i5 1  -join  C  and  A ;  then  will  the  Angle  C  A  B 
be-  th«  Courfe  =:  32"*,  and  A  C  the  Di^ce  =  217 
jMi)es»  .  '   \\. 


P.L  ft  N.E*:  S.  A  IX'I  N  G.:  6t' 


To  find  the  Courfc,  .       .  _..    To  find  the  Diftance. 

As  th^Oiff.  of  Lat,  184.      2.^648^  As  Radius  /    jo.oooo# 

tis  to  Radius    '.  1006000  Is  to  Ac  Diff.  of  Lit.  i  ^4   2.26481 

S9  is  the  Departure   1 1  j ,     a .06070  So  U  Sec. ^f  the  Cpo.  -3a?  1 0,07  tj; 8 ' 

•       *  •  12*06070  •  12.33640 

2.26482  .    10.00000  • 


Tp  the  Tw,ojf  the  Cou.  32°  9.79588    To  the  Diftance  217  2.33640 

•■  ■  • '  .  .  '  -,        ., 

'Hence  her*  Courfc  is  N.  32*"  Wjpfterly,  and  the  Diftance  failed  ik . 

^       By    GUN  T  E  R. 

*  Extend  from  the  Difference  of  Latitude  '  184  to  the  DeparAre 
XjA  OR  the  I^ineof  Numbers,  that  Extent  will  reach  from  Radius  or 
4y  to  the  Courfe  32®  on  the  Line  of  Tartgfcnts.* 

2dly.  *  For  the  Diftance  we  muft  confider  it  as  Radius  (there  be- 
ing ho.  Line  of  iSecants  on  the  Scale)  and  extend  from  Radius  or 
96?  to  the  Courfe  31°  on  the  Line  of  Sines*  that  Extent  will  reach 
frpm  the  Departure  115,  to  the  Diftance  217  on  the  Line  of 
I^umbcrs/  -^ 

By    I  N  S  P  E  C  T  I  O  N. 

Seek  in  the  Tables  till  the  given  Difference  of  Latitude  184  and 
Pcparture  115  are  found  together  in  their  refpeftive  Columns  j  then 
light  againft  them  will  be  found  the  Diftance  217  in  its  Column,  and 
the  Courfe  ftand  in  Degrees  either  at  the  Top  or  Bottom  of  the 
Column  where  the  Difference  of  Latitude  and  Departure  were  found, 
which  in  this  Cafe  is  under  32%  the  Courfe  required. 

The  fix  foregoing  Problems  are  the  common  Cafes  of  Plane  Sail* 
ing,  which  the  Learner  ought  to  be  well  acquainted  with  ;  and  for 
that  End  I  here  add  fix  more  for  Praftice,  whofe  Anfwers  may  be 
found  by  the  foregoing  Rules, 

^ejiion  L  A  Ship  in  2*^  10'  South  Latitude,  fails  N.  by  E.  89 
Leagues  5  what  Latitude  is  fhe  in,  and  what  is  her  Departure  ? 
Anfwer*  Latitude  in  2®  12'  N.  and  Departure  17.36  Leagues. 
I 

•  S^uejiion 


e%  P.LANE    SAILING. 

^ejiion  II.  A  Ship  fails  S.  S.  W.  from  a  Port  m  41*  30^  North 
Latitude^  and  then  by  Obfervation  the  fiihi  Ship  is  in  36®  57*Nortl> 
Latitude  i  I  demand  the  Djiftance  run  and  Departure  ? 

Jnfwcr.  Diftancq  run  98.5^ Leagues,  Departure  37,7  Leagues*  ' 

^jrion  III.  A  Ship  fans  S.  S.  W.  half  w!  from  2**  36'  South 
I^titudc^  until  her  Departure  be  59  Lcagups^  I  demand  her  Diflance 
run,  and  Latitude  in  ? 

Jfifwer.  Diftance  run  125.^ Leagues,  Latitude  in  8*  i*^  South. 

^ufiim  IV.  If  a  Ship  fails  160  Miles  South  Wcftwa/d  from  ii* 

g^  iiouth  Latitude,   until  by  Obfervation  flie  be  in.  24^  49'  South 
titudc,  what  is  her  Courfc  and  Departure  ? 
Anjwer.   The  Courfc  is  S.  W.  by  W.  half  W,  and  ber  Departure - 
<roai  the  Meridian  is  317*3  Miles. 

^eftion  V.  Suppofc  a  Ship  fails  354  Mil^s  North  Eaftward  from, 
a*9^i>outh  Latitude,  until  her  Departure  be  150  Miles  5  what  is  her 
Coirffe  and  Latitude  in  ? 

Ankuif*  Her  Courfc  is  N.  25**  4'  E.  or  N..  N.  X*  \  E.  nearly^^ 
and  me  is  in  Latitude  ^  12^  North. 

^ejiim  VL  Sailing  between  the  North  and  the  Weft,  from  a  Bort 
in  I  59^  South  Latitude,*  and  then  arriving  at  another  Port  in  4?  8^ 
North  Latitude,  which  is  209  MiJes  to  the  Weftwani  jof  the  firlt  Port,, 
J  demand  the  Courfc  and  Diftance  from  thefirft  Port  to  the  fecond? 

Jnfiver,  TheCourfeis  N.  29^40'  W.  or  N.N.  W.  -|  W.  nearly  i 
and  the  Diftance  of  tlie  Ports  is  422.3  Miles^  or  140.7  Leagues. 
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HAVING   learned  thofe  ncccflary  ProWcms,  concernifig  ^ 
Single  Courfe,   the  next  is  a  Compound  Courfe,   commoaij 
called  a^TAAVFRSE  ;  in  order  to  the  right  Undcrftanding  of  which^  - 
^bferve  the  following  Dehnitions : 

A  Traverfe  is  when  a  Ship^  meeting  with  contrary  Winds,  iails 
•n  feveral  Cotirfes* 

When  the  Wind  is  direflly  or  partly  igainft  a  Ship's  dircSl  Courfe 
<to  the  Place  (he  is  bound  to,  (he  reaches  her  Port  by  a  Kind  of  Z 
iike  Coarfe  ;  which  is  made  by  failing  with  the  Wind,  firft  on  one 
Side  of  the  Ship,  and  then  on  the  other  Side. 

In  a  Ship,  when  looking  towards  the  Stem  or  Head* 

Starboard  fignifies^  the  Right  Hand  Side. 

Larboard  thQ  Left  Hand  Side^ 

Forwards  or  jffifre^  is  towards  the  Head  or  Stem  of  the  Ship. 

j^t  or  Jbilfi^  IS  towards  the  hinder  Part  or  Stern. 

The  BeoM  fignifies  athwart  or  iacrofs  the  MidcHe  of  the  Ship. 

When  a  Ship  fails  the  fame  Way  the  Wind  ,blows,  (he  is  faid  to 
fail  or  ran  before  the  Wind  i    and  the  Wind  is  faid  to  be  right  Aft^ 
or  right  a  Stern ;    and  her  Courfe  is  then  16  Points  from  the 
,  Wind. 

When  a  Ship  fails  with  the  Wind  blowing  diTc£dff  acrofs  her^ 
ihe  is  faid  t&have  the  Wind  on  the  Beam  ',  and  her  Courfe  is  9 
Points  from  the  Wind. 

When  the  Wind  blows  obliquely  acrofs  the  Ship,  the  Wind  is 
faid  to  be  abaft  the  Beam,  or  afore  the  Beam,^  according  as  her 
Courfe  is  more  or  lefs  than  8  Points  from  the  Wind. 

When  a  Ship  endeavours  to  fail  towards  that  Point  of  the  Com- 
ipafs  from  whence  the.Wind  blows,  (he  is  faid  to  fail  on  a'Wind,  or 
to  ply  to  Windward. 

A  Vcflel  failing  as  near  as  (he  can  to  the  Point  from  whence  the 
Wind  blows,  is  faid  to  be  clofe  hauled.  The  Generality  of  Ships 
will  lie  within  about  6  Points  of  the  Wind,  but  Sloops  and  other 
Veflcls  will  lie  much  nearer. 

The  WindwardoT  Weather  Side^  is  that  Side  of  the  Ship  on  which 
the  Wind  blows  i  and  the  other  Side  is  called  the  Leeward  or  Lee* 
Side. 

Tacks  and  Sheets  art  large  Ropes  made  6ft  to  the  lower  Corners  of 
the  Fore  and  Main  Sails^  by  which  either  of  thefe  Corners  are  hauled 
fore  and  aft* 

When 
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When  a  Ship  fails  on  the  Wind,  the  Windward  Tacks  are  always 
fcauled  forwards,  and  the  Leeward,  or  Lee-Sheets  aft. 

The  Starboard  Tapks  are  aboard  when  the  Starboard  Side  is  to  the 
Windward,  abd  the  LarbcJird  to  ithfer  Ifeewffl-d>  anfl  the  Ltfboard 
Tacks  are  aboard  Vhen  the  Larboard  Side  is  to  the  Windward,  and 
liie  Starboard  to  the  Leeward*  * 

,.  To  know,  how  near  the- Wind  a  Ship  will  lie,  obfcrve  the  Couife 
file  goes  on  each  Tack  when  fhe  is  clofe  haple.di .  then  Half  the 
Number ^of  Points  bet\yeen  the  two  Courfes  will  fhew  how^  near  tKc 
'Wind  tK'at  Ship  will  lie.  • .  , 

The  moft  common  Cafes,  in  turning  to  the  Windward)  may  be 
cohlftuiied  by  the  following  Precepts :  % 

.,  Having  drawn  the  Meridian -and  Parallel  of  Latitude  (or  Eaft  and 
^eft  Line  J  in  a  Circle,  reprefenting  the  Horizon  of  the  Place,  niark^ 
5a  the  Circumference,  the  Place  of  the  Wind  j  draw  the  Rhumb, 
pafling  tlirough  the  Place  bound  to,  and  lay  thereon  the  Diftance  pf 
liiat  Place  from -the  Centre. 

On  each  Side  of  the  Wind  lay  off  in  the  Circumference  the  Points 
or  Degrees  fhewing  how  near  the  Wind  the.l^hjp  can  lie,  and  draw 
the  Rhumbs*    ,  ^  . 

Now  the  firft  Courfe  will  be  on  one  of  thofe  Rhumbs,  according 
to  the  Tack  the  Ship  leads  with  ;  draw  a  Line  through  the  .Place 
^bound  to,  parallel  to  the  other  Point,  to  meet,  with  the  lirft,  and -this 
will  fhew  the  Courfe  and  Diftance  on  the  other  Tack.  '  i 

,  .To  Resolve  a  Traverfe,  is  to  reduce  and  briag  feveral  Courfts 
into  one;  the  Courfes  are  known  by  the  Compafs,  and  the  Dif- 
tance by  th^  Log,  which  in  Common  Voyages  is  hoye  once  in 
two  Hours,  but  in  Ships  of  War>  or  in  Eaft-Indiamen,  every 
Hour. 

-  In  the  Steerage,;  or  fome  convenient  Place  in  the  Ship,  there  is  ge- 
jacraljy  kept  a  Table,  called  the  Logboard,  divided  into  feven  Co- 
lumns ;  in  the  firft  is  written  the  Hours  of  the  Day,  in  the  fecond  the 
Knots  that  the  Ship  runs  during  Half  a  Minute  j  each  of  thefc 
.Knots  bear  the  fame  Proportion  to  a  Sea  Mile  that  Half  a  Mi»- 
nuCe  does  to  aii  Hour;  confequently  fo  many  Knots  as  the  Ship 
juns  in  half  a  Minute,  (the  Time  allowed  for  trying  the.Expe- 
jriment)  fo  many  Miles  ftie  runs  in  an  Hour.  In  the  Third  the  Fa- 
. thorns,  lo  of  which  ought  to  make  a  Knot;  in  the  fourth  the 
Courfes  ftcercd  by  the  Compafs  ;  in  the  fifth  the  Winds ;  in  .the 
Cxth  the  Leeway,  or  how  far  the  Ship  is  drove  to  the  Leeward  of 
the  Courfe  fteered  by  the  Compafs ;  in  the  feventh  the  Tranfa^ions 
of  the  Day,  as  in  the  following  liable.  Every  Day  at  Noon  iAi^ 
Contents  are  tranfcribed  into  the  Log-book,  which,  is  divided  int<* 

Ccjlumni^ 
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Columns,  cxaftly  like  the  Log^board,  and  the  feveraJ  Courfes  being 
corre<fted  by  allowing  for  the  Leeway  and  Variation,  and  the  Diftance 
i-un  upon  each  being  let  down  in  a  Traverfe  TaWe,  ihews  what  Diffe- 
rence of  Latittide  and  Departure  the  Ship  has  made  during  thelaft  24 
Hours ;  and  from  thence  is  found  the  Latitude  and  Longitude  the 
Ship  is  in,  &Ci     This  Operation  is  called  doing  a  Day's  Work. 


The    L  O  G  -  fi  O  A  R  r>. 


Lee- 

H. 

2 

K. 

6 

F. 

Courfes. 

Winds. 

way 

TranfaSions. 

S.  VV.  by  S. 

N. 

4 

5 

5 

6 

5 

N.  W. 

.    8 

5 

Moderate  Gales 

10 

4 

5 

N.  E. 

N.W.W*. 

md  fair  Weather  j 

.  12 

4 

5 

It  8  A.  M.  faw  a 

2 

4 

5 

.)  hip  tothe  North- 

4 

4 

5 

ward. 

b 

4 

5 

8 

5. 

S.  W,  fey  S. 

W.  N.  W. 

10 

4 

5 

12 

4 

• 

Having  placed  the  feveral  Courfes,  and  Diffatrces'  run  upon  each^ 
ttegin  with  the  firft  Courfe  S-  W.  by  S,  which  is  3  Points,  and  the 
DiUance  run  upon  it  being  fummcd  up^  is  211.5  or  an  Half,  which 
Iteing  doubled  (becaufe  the  Log  is  hove  evfery  two  Hours)  is  43^ 
In  like  Manner  proceed  with  the  other  Courfes,  and  then  find  the 
DiffisfCDCe  of  Latitude  and  Departure  for  each  Courfe  a:nd  Diftaiicew 

When  the  Courfe  is  to  the  Southward,  the  Difference  of  Lati-^ 
tude  muft  be  fet  in  the  Column  marked  S.  but  if  to  the  Northv.ard, 
in  that  marked  N.  likewife  when  the  Courfe  is  to  the  taftward,  the 
Departure  miift  be  fet  in  the  Column  marked  E.  but  if  to  the  Wefl> 
tvard,  in  that  marked  W.  Thus  the  firft  Courfe  being  S.  W.  by  S. 
3  Points,  the  Difference  of  Latitude  belonging  to  it  i&  fet  under  S. 
and  the  Departure  under  W,  as  ii%  the  foUowing  Table, 

I  Th« 
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Ths  TRAVERSE    TABLE. 


Courfes. 

Dift. 

N. 

S. 

E. 

W. 

■  S.  W.  by  S. 

N.  t. 
S.  W.  by  S. 

43 

■    45 

a? 

3f.8 

35,2 

22,4 

3^1.8 

^3,9 
15,0 

3i>8 

D.  Lat. 

S. 

3',8 

^    3i>« 

38,9 
3«.8 

26,4 

Depv  W. 

7.» 

Here  the  Weftings  being  greater  than  the  Eafling,  the  DifFerencc 
/hews  how  far  the  Ship  has  got  to  the  Weft  ward  ;  aiftd  the  Sx>uthingS' 
being  greater  than  the  Northing,  (hew  how  ht  {ht  has  got  to  the^ 
Southward  of  the  Place  fhe  fet  out  from. 

Now  the  Difference  of  Lat.  26.4  and  Dep.  7.1  being  looked  for 
in  the  Tables,  wiW  be  found  nearly  Handing  together  under  15*  anct 
againft  Dift.  27.  Hence  the  Courfe  made  good  upon  die  (eVcrat 
Courfes  is  S.  15*"  W,  and  the  Dift.  27  Miles, 

In  heaving  the  Log,  one  Man  holds  the  Reel  upon  which  the  Log- 
Line  is  wound,  and  another  holds  the  Half- Minute  Glafs  ;  aa 
Officer  of  the  Watch  heaves  the  Log  over  the  Stern  on  the  Lee-fide, 
and  when  he  obferves  the  ftray  Line  is  run  off  the  Reel  (to  denote 
which  there  is  fixed  a  red  Rag)  he  cries  turn!  the  Glafs-hsAkr 
anfwcrs  elone!  who,  watching  the  Glafs,  the  Moment  it  is  run  outy 
crits  J?op  !  the  Reel  being  immediately  flopped,  the  Knots,  or  Knots 
and  Fathoms  run  ofF,  ftiow  the  Ship's  Rate  of  Sailing  per  Hour^ 
if  the  Wind  happens  to  have  been  conftaiit. 


E    X    A    M    F    L    E      L 

Ycfterday  at  Noon  we  were  in  Lat.  24*^  32'  N.  and  have  till  this 
Day  at  Noon  run  the  following  Courfes  and  Diftances  per  Log.  visc^ 
8.  W.  by  W.  45  Miles  E.  S.  E.  50  Miles,  S  W.  30  Miles,  S.  E. 
by  K  60  Miles.  Required  the  Lat,  come  to,  and  the  dire£l  Courfe 
arndDiftaiKe  failed? 

By 
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By    PROJECTION. 


With  the  Chord  of  6o'  defcribc  a 
<3ircle  to  reprefent  the  Compafs ;  and 
through  the  Centre  C  draw  the  Me- 
ridian S.  N.  and  the  Parallel,  or  Eaft 
and  Weft  Line  W.  E. 

Take,  from  jihe  Line  of  Rhnnibs 
.on  the  Plane  Scale,  each  Courfe,  and 
lay  it  off  irom  the  Meridian  on  the  . 
Circumference,  marking  it  with  its 
|>roper  Number,  i,  2,  3,  4,  and  draw 
the  obfcure  Lines  ^  1,  ^  a,  ^  3,  r  4. 

The  firft  Courfe  fet  off  is  t  1  ==  S/^ 
W.  by  W.  5  Points,  produce  c  1^ 
if  necefl&ry,  apd  lay  off  oxx  it  the 
firft  Diftance  45  Miles  from  ctoDi 
.then  will  D  reprefent  the  Ship's 
Place  at  the  End  of  her  ftr.ft  Courfe. 


Next  draw  D  L  parallel  to  the  J^.  S.  E.  Line  c2,  which  njake 
«qual  to  the  fecond  Diftance  50  Miles-^L  q  parallel  to  the  S.  W. 
Lthe  f  3  r=  30  Mil^s;  aijd  q  (^parallel  to  the  S.  E.  by  E.  Line  c  4=? 
60  Miles;  then  will  Q^reprcfent  the  Ship's  Place  at  the  End  of  her 
feveral  Courfes. 

Produce  the  Meridian  rS  to  P,  draw  the  Line  P  Q^parallel  to  W^ 
E.  and  join  c  and  Q^;  then  will  r  P  be  the  Difference  of  Lat.  98.6, 
PQ^the  Departure  37.5,  rO  the  Diftance  105,5  Miles,  and  the 
A.ngle  P  c  Q^the  Courie  20^  S^- 

Hence  the  dire<S  Courfe,  or  Courfes  made  good^  is  S.  £0®  50',  £• 
j^id  the  Diftance  105.5  Miles. 


•  To  Work  the  fame  by   Inspection. 

Complete  the  Traverfe  Table  as  before  directed,  and  write  down 
the  feveral  Cpurfes  and  Diftances  run  upon  each^ 

Begin  with  the  firft  Qourfe  5.  W,  by  W.,5  Poiiits,  Diftance  45 
Miles. 

Over  5  Points,  in  the  Table  of  Points,  and  4gainft  Diftance  45^ 
iiand  25,0  in  the  Column  marked  Diff.  of  Lat.  at  the  Bottonl,  and 
37,4  in  the  Column  marked  Departure.  And  as  the  Courfe  is  between 
the  South  and  Weft,  fet  the  Difterence  of  Latitude  Mnder  S,  and  the 
pcparture  under  W, 

In  like  Manner  proceed  with  the  feveral  Courfes  and  Diftancefi  1 
Ijrhichj  wh^n  found,  wJU  ftan4  as  in  the  following  Traverfe  Table. 
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The  TRAVERSE    TABLE. 


Courfes. 

Dift. 

N. 

S. 

E. 

W. 

S.  W.  by  W. 

E.  S.  E. 

S.  W. 

S.E.byE. 

45 

5J 

25.0 
19,1 

21,2 

33'3 

'46,2 

49^} 

3M 
ai,2 

DifF.  of  Lat. 

98,6 

9b,  I 
58,6 

58,6 

Dep. 

37.5 

Lat.  left  : 

DifF.  of  Lat.  98,6 

Lat.  in  -rr 


24"   32'N-. 
I     39  S. 

>■ '     ■       ■■ 
22     53  N. 


Having  placed  them  as  above,  add  up  the  Weftings,  Eaftings, 
Southings,  and  Northings,  and  fetdpwn  their  refpcdtive  Sums  at  ih^ 
pottom  of  each  Column  ;  and  as  the  Eaftings  are  greater  th^n  the 
Wcftings,  fubtraft  the  Icfs  from  the  greater,  and  the  Difference  37.5 
fhews  how  far  tl^e  Ship  has  gone  to  the  Eaftward  of  her  firft  Place  } 
and  as  there  arc  no  Northings,  the  Sum  98.6,  in  the  Column  marked 
S.  fhews  how  f^r  (he  has  gone  to  the  South  w?ird  of  her  firft  Place. 

To  find  the  Courfe  ^nd  Diftance  made  good. 
With  the  Difference  of  Latitude  98.6,  and  Departure  37.5)  enttp 
the  Table  ,, and  you  will  find  the  neareft  Number  to  thei'e  Itanding 
together  are  98. 1  and  37.6  under  21^,  and  againft  Diftance  105; 
hence  the  direct  Courfe  is  S,.  21**  E.  the  Diftance  105  Miles,  and 
the  Lat.  in  is  22°  53'  N.     The  fame  may  be  foqnd  by  Calculation.  0 

Calculation  for  it  will  be. 

To  find  the  Courfe.  To  find  the  Diftance, 

As  the  DifF.  of  L?»t.  98.6      1.99388     As  Sine  Courfe  ^0°  50'        9.  ^510* 


Is  to  Radius  90? 

$q  is  the  Departure  37.5 


J  0.00000 
1-57403 

11.57403 
1.99388 


As  Sine  Courfe  ^0°  50' 
Is  to  Departure  3  ;.j 
So  is  Radius      90^ 


1-57403 

lO.COOOO 

11.57403 
9.5S102 


To. Tan,  Couyfc  20®  50'       9-5861 ;    To  tjie  Diftaflce  105.5  2.02301 


Hence 
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Hence  the  Gourfe  is  S.  2p°  50'  E.  mi  the  Diftancc  105.5  Miles 
pearly  as  before, 

EXAMPLE      IL 

Suppofe  a  Ship  from  the  Lizard  in  Latitude  49®  57'  is  bound  to 
Cork  in  the  Latitude  51**  49' N.  whofe  Departure  from  the  Meridian 
is  162  Miles  Weft,  but  by  Reafon  of  contrary  Winds  is  obliged  to 
fail  on  the  following  Courfes,  vi:^.  S.  S.  W.  54  Miles  ;  W.  by  S,  39 
Miles;  N.W.  by  N. 40 Miles;  N.E.  by  E^egMiles  j  N.  N.  W^ 
60  Miles  ;  I  demand  the  direS  Courfe,  Dif^ance,  Difference  of  Lati^ 
tude  and  Departure  made  good  upon  the  feveral  Courfes,  with  the 
Latitude  the  Ship  is  in,  aqd  what  Courfe  (he  muft  afterwards  fteer, 
and  bow  far,  to  gain  her  intended  Port  ? 

By    PROJECTION, 

^  Latitude  of  Cork 51°   49' 

Latitude  of  Lizard    — .—    49     57 

Difference  of  Latitude  >     52  =  112  Mile?,  the  Dep.  162  M.- 

With  the  Difference  of  Latitude  112,  and  the  Departure  162,  bc^ 
tween  the  Lizard  and  Cork  by  the  laft  Cafe,  the  Courfe  will  be 
found  nearly  N.  W,  by  W,  and  the  Diftance  197  Miles. 

With  the  Chord  of  60**  defcribe  a  Circle,  through  which  draw  the 
Meridian,  North  and  South,  and,  croffing  that  at  Right  Angles, 
draw  the  Eaft  and  Wefl:  Points,  The  Centre  reprefents  the  Li- 
zard; tnenfetoff  two'Points  from  the  South  Wefterly,  through  which 
draw  a  Line  to  the  Centre  for  the  firft  Courfe  S.  S.  W.  upon  that 
fet  off  the  firft  Diftance  run  54  Miles,  which  is  the  Ship's  Place  at 
the  End  of  her  firft  Courfe;  draw  the  W.  by  S.  Rhumb,  and,  pa- 
rallel to  it,  a  Liue  pafling  through  the  Ship's  laft  Place,  and  upon: 
that  fet  off  39  for  the  fecond  Diftaniee ;  draw  the  N.  W.  by  N, 
Jlhumb,  and  parallel  to  it,  as  before,  draw  a  Line  pafling  through 
the  Ship*s  l^ft  Place,  upon  which  fet  oft*  40,  and  that  will  be  the 
Place  of  the  Ship  at  the  End  of  her  third  Courfe  ;  then  draw  the  N, 
E.  by  E.  Rhumb,  and  parallel  to  it,  a  Line  paffmg  through  the  Ship's 
laft  Place,  and  upon  that  fet  off  69  for  the  fourth  Diftance  ;  then 
draw  aN.  N.  W.  Rhumb,  and  Parallel  to  it,  draw  a  Line,  as  before, 
through  the  Ship's  laft  Place ;  upon  that  fet  off  the  laft  Diftance  6q^ 
which  is  the  Place  of  the  Ship  at  the  End  of  her  feveral  Courfes  ; 
from  which  draw  a  Line,  parallel  to  the  Eaft  and  Weft  Line,  until  it- 
puts  the  Meridian,  for  the  whole  Departure ;  from  this  to  the  Cen- 
tre, being  meafured  on  the  fame  Scale,  will  'give  her  Difference  of 
Latitude  made  good  upon  the  feveral  Courfes  5  and  a  Line  drawn 
from  the  Ship's  laft  Place  to  her  firft,  will  give  the  whole  Diftancc; 

an4 

N.  R.  The  above  Latitude  is  that  which  Cork  was  formerly  laid 
down  in,  but  in  thefe  Tables  it  lies  51**  41'.  I  could  not  alter  the 
Quejftion,  without  having  a  frelh  Wood  Cut, 
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and  the  Angle  which  this  Line  makes  wi|h  the  Meridian  will  be  th$ 
Ship's  Courfe. 

Now  to  find  what  Courfe  fhe  muft  fteer,  and  how  far  fhe  muft  ftilj 
go,  draw  a  Line  from  the  Ship's  !aft  Place  to  her  intended  Port  for  her ' 
ViA^pce  ;  and  alfo  draw  a  Line  from  the  Ship's  laft  Place,  parallel  to 
Ihe  Meridian,  for  a  new  Meridian  ;  and  the  Angle  which  this  Line 
makes  with  the  Diftance,  will  be  the  Courfe  (he  muft  fteer.  to  the 
intended  Port  5  which  may  be  eafdy  underflx)od  by  looking  at  the  fol- 
lowing Figure; 


By  the  above  Method  any  Traverfe  may  be  conftrufled,  and  aKi 
Cbe  Ship's  Way  pricked  oft*  on  the  Plane  Chart.  • 

But  it  being  rather  tedious,  and  not  fufficiently  accurate,  we  ge^j 
perally  work  at  Sea 

By    INSPECTION. 

Firft,  to  find  the  Courfe  and  Diftance  between  the  two  Ports. 

In  the  Table  it  will  be  found,  that  the  Numbers  ftanding  together 
near^ft  to  112  the  Diff^erence  of  Latitude,  and  162  the  Departure, 
jar.e  113  and  161.3  over  55%  the  Diftance  anfwering  to  thefe  is  107, 
confequently  the  direft  Courfe  is  N.  55  W.  or  nearly  N,  W.  by  W^ 
JDIftance  197  Milps. 


TRAVERSE    S  A  ILrl^N  O. 


1^ 


adly.  Begin  with  the  firft  Courfe  S,  S.  W.  2  Points,  under  which 
in  the  Tables,  and  oppofite  to  the  Diftance  54  Miles,  Hands  49.9 
for  the  Difference  of  Latitude,  and  20.7  for  the  Departure  ;  and  as 
the  Courfe  is  between  the  South  and  Weft,  I  fet  the  Difference  of 
Latitude  under  the  Column  marked  S.  and  the  Depar^turc  under 
that  marked  Weft ;  in  like  Manner  proceed  with  each  Courfe  and 
Diftance,  which,  being  found  as  above,  will  ftand  as  in  tl^e  follow- 
ing Traverfe  Table : 


The   TRAVERSE    TABLE. 

Differ,  of  Lat.           |    Departure.     | 

Courfes. 

Dift.  ' 

N.        S. 

E. 

W. 

S.  S.  W, 
W.  by  S. 

N.  W.  by  N. 
N.  E.  bvE. 
N.  N.  W. 

DifF.  of  Lat.  ^ 

54 

39 
40 

60 

33.3 
38,3 

55.4 

49>q 

7.6 

57.4 

20,7 
38,2 

22,2 
23)0 

ortherly 

127,0 

S7i5 

57>5 
3ep.  ^^ 

57.4 

104,1 

57,4 

6q,5  I 

'"efterly 

46,7 

Having  placed  them  as' above,  add  up  all  tht  Weftings,  Eaftings, 
Northings,  and  Southings  feparately,  and  fet  down  their  refpedlive 
Sums  at  the  Bottom  of  each  Column  ;  and  as  the  Weftrng  is  greater 
than  the  Eafting,  fubtradl  the  one  from  the  other,  afid  the  Differ- 
ence 46.7  fliews  that  the  Ship's  Departure  is  fo  much  Weft  of  her 
firft  Meridian. 

Again,  the  Northing  being  greater  than  the  Southing,  fubtradt 
the  Lefs  from  the  Greater,  and  the  Remainder  69.5  Khcws  how  far 
the  Ship  is  to  the  Northward  of  her  firft  Place. 

Now  having  the  Difference  of  Latitude  and  Departure  made  good 
upon  the  feveral  Courfes,  feek  in  the  Tables  until  they  are  found 
ftanding  together  in  their  refpedive  Columns,  the  neareft  to  which 
is  69.6  and  47,  und^  34  Degrees,  againft  them  ftands  84  for  the 
Diftance ;  confequently  the  Courfe,  made  good  upon  the  feveral 
Courfes,  is  N.  34  W.  ]>iftance  84  Miles. 

To  find  the  dire^l  Courfe  and  Difiance  to  the  intended  Port^ 

To  the  Latitude  left  49**  57'  N.  add  the  Difference  69  equal  \^  9' 
gives  51®  6' the  Latitude  in  :  Then 

From  the  Latitude  of  Cork  — -— .  5I>49 

Subtract  the  Latitude  in  "■    ■  ■>  Si>  6 


The  Diffl  of  Latitude  between  the  Ship  and  Cork  is      43  Miles 


T>M^ 
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The  Departure  betweeh  the  two  Ports  is     —     162  Ms^ 
The  Departure  made  being  W,  fubtra<El      —      46.7 

The  Departure  between  the  Ship  and  Cork  is      -^     1 15-3  Ms. 

With  this  DifFerence  of  Latitude  43^  and  Departure  115.3,  ^^ekiit 
the  Tables  till  they  are  found  ftanding  together  in  their  refpedive 
Columns,  the  neareft  to  which  will  be  found  over  b(f  and  70^  being 
added  is  139,  half  that  Sum  69°  30'  is  the  Courfe,  and  half  the  Dif- 
tance  to  thefe  is  123  Miles. 

Hence  the  Ship's  direct  Courfe  to  Cbrk  is  N.  69"*  30'  W.  and 
Diftance  123  Miles. 

The  fame  may  be  done 

By    C  A  L  C  U  L  A  T  I  O  N. 

To  find  the  direft  Courfe  and  Diftance  between  the  Lizard  ztid 
Cork  by  Cafe  VL  it  will  be, 

To  find  the  Courfe.  To  find  the  Diftance. 

As  the  piff.  of  Lat.  112       2.04922  As  the  S.  of  Cou.  55^  20'    9.91^12 

Is  to  Radius  10.00000  Is  tq  the  Departure  162         2.21951 

So  is  the  Departure  162        2.20951  So  is  Radius  lo^ooooa 

12*20951  .  12.20951 

2.0492  i  9.91 512 


To  the  Tan,  Cou.  55®  20^    10.16029    To  the  Diftance  197  2.29439 

Hence  the  dire£l:  Courfe  and  Diftance  between  the  Lizard  and  Cork 
is  N.  55.20  W.  or  N.  W.  by  W.  nearly,  Diftance  197  Miles,- 
Then, 

For  the  firft  Courfe  S.  S.  W.  2  Points,  Diftance  54  Mifes* 

To  find  the  Departure.  To  find  the  Diff.  of  Lat. 

As  Radius                         .10,00000  As  Radius                          lo.ooooa 

Is  to  the  Diftance  54              ^•73^39  Is  to  the  Diftance  ^4            '•73239 

So  is  S.  Courfe  2  Pts.           9.58285  So  is  Co-fine  Courfe  2  Pts.    9.9656^ 


11.31524  11.69801 

10.00000,  10,000001 


To  the  Departure  20.7         1-3 1524    To  the  Diff,  of  Lat.  49.9    1.6980^ 

In  like  Manner  proceed  to  find  the  DifFerence  of  Latitude  and  De- 
parture for  the  other  Courfes  and  Diftance ;  which  being  found  and 
let  down  in  their  refpeftive  Columns,  will  ftand  as  in  the  foregoing 
Table. 

Having  found  the  Difference  of  Latitude  and  Departure  made 
upon  the  feveral  Cour(eS)  and  alfo  the  Latitude  in^  with  the  Dif^r 

fcrence 
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Terence  of  Latitude  and  Departure  between  the  3hip  and  Cork,  as 
before,  the  direft  Courfe  by  Cafe  VL  will  be  found  N.  69^  33'  vV# 
and  Diftance  123  Miles. 

All  the  preceding  may  be  found  by  Gunter's  Scale,  but  (hall  leave 
the  forking  of  them  to  exercife  the  Learner,  who  ought  to  be  well 
acquainted  with  IVaverfe  Sailing ;  and  for  that  purpofe  it  has  been 
thought  proper  to  fubjoin  the  following,  which  is  the  moft  general 
and  ufeful  that  well  can  be,  and  may  be  worked  by  any  of  the  fore- 
going Methods. 

A  Ship  being  at  Sea  in  Latitude  37^  10'  N.  is  bound  to  a  Port  in 
Latitude  33**  o'  N.  the  Departure  between  the  Ship  and  the  Place  is 
180  Miles,  confequently  by  Cafe  VI.  the  Courfe  will  be  S.  VV.  by 
S.  2  Degrees  Wefterly,  and  Diftance  308  xMiles,  but  the  Wind 
being  variable,  is  obliged  to  ply  upon  thefe  feveral  Courfes,  the 
Diftance  run  upon  each,  being  obtained  by  the  Log  ;  and  rirft  flie 
/ails  (with  her  Larboard  Tacks  on  Board)  S.  W.  by  W.  27  Miles, 
W.  S.  W,  half  W.  30  MUes,  W.  by  S.  25  Miles,  W.  by  N.  18 
Miles. 

(Starboard  Tacks  on  Board  Wind  fliifting)  S.  S.  E.  32  Miles, 
S.  S.  E.  three  quarters  £.  27  Miles,  S.  by  E.  25  AVJiles,  S.  31  xMilcs, 
S.  S.  E.  39  Miles. 

Required  the  Latitude  the  Ship  is  in  and  her  Departure  from  the 
Meridian,  upon  what  Courfe  (he  muft  fteer  if  poHible,  and  how  far 
ihe  muft  fail  to  gain  her  intended  Port? 

The  Difference  of  Latitude  and  Departure  being  found  by  the 
preceeding  Directions,  will  ftand  as  in  the  following  Table : 


The    TRAVERSETABLE. 

Courfes. 

Difiances. 

Diff. 

of  Lat. 

Uej 

)arture. 

N.     • 

s. 

E. 

W. 

S,  W.  by  W. 

27 

15,0 

22,4 

W.S.W.fW. 

30 

8.7 

28,7 

W.  by  S. 

25 

4.9 

24,5 

W.byN. 

18 

3.5 

«7.7 

S.  S.  £. 

3* 

29,6 

12,2 

S.S.E.fE. 
S.  by  £. 

27 

23.2 

'3.9 

«5 

»4.5 

4.9 

South. 

31 

31.0 

S.  S.  E. 

39 

36,0 

I4>9 

3.5 

172.9 
3.5 

45.9 

93.3 
45.9 

Dift.  Lat. 

Depar. 

169^  s. 

47.4^ 

The  Ship  is  in  Latitude  34^  20'  N.  the  Departure  is  47.4.  W 
The  Courfe  made  good  is  S.  is""  38'  W.  and  Diftance  175.9. 

K  The 
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The  Courfe  to  the  intended  Port  is  S.  58°  41'  W.  or  S.  W.  by  W^ 
one  quarter  Weft  nearly,  Diftance  155.2. 

Note.  The  Teacher  may  put  the  Pupil  upon  Mercator'^s 
Sailing  immediately,  if  his  Time  be  fliort  (which  is  the  Cafe 
with  many  who  go  to  School  purely  to  learn  Navigation  only)  with- 
out going  through  Middle  Latitude  Sailing,  as  the  former  is 
fully  fufficient  for  the  Seaman's  Purpofe,  provided  he  be  (hewn  how 
to  reduce  Miles  of  Eafting  or  Wefting  into  Difference  of  Longitude, 
which  mult  be  done  by  Middle  Latitude  Sailing. 


MIDDLE  LATITUDE  SAILING. 


IN  Plane  Sailing  the  Earth  was  confidered  as  a  Plane,  rc- 
prefenting  a  Bowling  Green,  having  the  Meridians  parallel  to 
each  othery  and  confequently  the  Degrees  of  Longitude  equal  in  all 
Places  ;  but  this  cannot  be  true,  a.s  the  Earth  is  a  Globe  or  Sphere  ; 
for 

As  the  Meridians  are  Circles  on  the  Terraqueous  Globe,  meeting 
in  the  Poles,  (as  may  be  feen  in  the  following  Figure)  it  is  obvious, 
that  any  two  of  thefe  Circles  mufl  recede  more  at  greater  Dif- 
tances  from  the  Poles  ;  and  at  equal  Diltances  from  each  Pole,  or  at 
the  Equator,  the  Diftance  between  the  Meridians  is  greateft. 

The  true  Place  of  a  Ship  at  Sea  depends  upon  its  Diftance  from  the 
Equator,  and  fome  noted  Meridian  ;  and  fmce  the  Meridional  Dif- 
tance, that  is,  the  Diftance  between  any  two  Meridians,  varies  in 
every  Latitude,  it  is  therefore  convenient  this  Diftance  {hould  be 
reckoned  in  a  fixed  Latitude ;  and  where  the  Degrees  arc  of  the  fame 
Magnitude  with  thofe  of  the  Meridian,  which  can  be  no  where  but 
en  the  Equator,  where  60  Geographical  Miles  make  a  Degree. 

The  Circumference  of  all  Circles  are  in  direct  Proportion  to  eachr 
other,  as  their  Radii ;  and  fince  the  Earth  turns  once'round  its  Axis 
in  24  Hours,  every  Point  upon  its  Surface  mutt  defcribe  Circles 
parallel  to  the  Equator:  Hence  it  follows,  that  the  Circumference 
of  any  Parallel  of  Latitude  in  Miles,  is  to  the  Circumference  of  the 
Equator  in  Miles,  as  the  Co-Sine  of  that  Latitude  is  to  Radius  ; 
and,  th*t  the  Breadth  of  a  Degree  in  any  Parallel  of  Latitude,  is  to  the 
Breadth- of  a  Degree  upon  the  Equator,  as  the  Sine  Complement 
of  that  Latitude  is  to  Radius.  . 

By  the  laft  Proportion  was  the  following  Table  calculated,  which 
fbews  the  Breadth  of  a  Degree  of  Longitude  in  every  Latitude  ^  and 
may  be  made  to  aufwer  for  any  Degrees  and  Minutes  by  taking  pro* 
portional  Parts. 


o.   L. 

M- 

S. 

d.l; 

MiJes. 

D.L.  MiJes.  (D,L. 

Miles.  ,U.L. 

1  .VlliCs. 

I 

J9 

99 

'9 

^i 

73 

37 

47 

92 

55 

34 

4« 

73 

17  54 

2 

59 

9 

20 

5^ 

3» 

38 

47 

38 

56 

13 

5? 

74 

16  53 

3 

J9 

11 

21 

56 

01 

39 

46 

62 

57 

32 

68 

75 

15  52 

4 

59 

86 

2Z 

55 

«3 

40 

45 

95 

58 

31 

79 

76 

14  51 

5 

59 

77 

i^ 

55 

*3 

41 

45 

28 

59 

30 

90 

77 

13  50 

6 

59 

''I 

A 

54 

81 

42 

44 

59 

60 

3® 

00 

78 

12  48 

7 

» 

56 

25 

54 

38 

43 

43 

88 

61 

29 

19 

79 

u  45 

8 

59 

4* 

26 

53 

93 

44 

+3 

i6 

62 

28 

17 

^0 

10  42^ 

9 

S9 

26 

*7 

53 

56 

45 

4* 

43 

63 

27 

24 

81 

9  3« 

lo 

59 

08 

28 

52 

97 

46 

4« 

68 

64 

26, 

30 

82 

8  35 

II 

^l 

^2 

»9 

5» 

47 

47 

40 

92 

65 

^? 

36 

83 

7  32 

12 

*« 

68 

30 

5» 

96 

48 

40 

15 

66 

24 

41 

84 

6  28 

^3 

^l 

46 

31 

5' 

43 

49 

39 

36 

67 

23 

45 

«5 

^  ^2 

4 

58 

22 

3» 

50 

88 

50 

38 

57 

68 

22 

48 

S^ 

4  18 

M 

57 

2* 

33 

50 

32 

51 

37 

76 

69 

20 

50 

87 

3  H 

6 

57 

67 

34 

49 

74 

5» 

36 

94 

I 

21 

52 

88 

2  09 

'2 

57 

37 

35 

49 

15 

53 

36 

II 

^9 

54 

89 

1  05 

i8 

57 

06 

36 

48 

54 

54 

iS 

26 

7» 

18 

95 

he  abov 

e  Tabu 

-  TN 

iOiew 

the 

wn 

j«ny  ] 

Vliks  ai 

ifw«r 

toa  D 

ejree 

cf  Loa» 

Ka 


76 


MIDDLE  LATITUDE   SAILING. 


Hence  it  follows  that: 
As  Co-Sine  of  any  Para!,  of  Lat.' 
Is  to  the  IHft.  run  in  Miles  in  that 

Lat. 
So  is  the  Radius,  or  Sine  of  90^ 
To  the  Diff.  of  Loiig,  in  Miles, 


As  Radius,  or  Sine  90* 
Is  to  the  E4£  of  Long,  in  Mile  , 
So  is  Co-Sine  of  any  Paral.  of  LskU 
To  the  Dift,  in  Miles  bctwten  any 
^Two  Mcrid,  in  that  Pafal.  of  Lat. 


.    From  what  has  been  faid  arifes  the  Solution  of  the  followirtg; 
Problems : 

PROBLEM      I, 

7%^  Diffttenci  of  Longitude  between  two  Places  both  in  one  Parallel  df 
Latitude  being  given^   to  find  the  Di/iance  between  them^ 

Supi)ofc  a  Ship  in  the  Latitude  49®  30'  N.  or  S.  fails  direftly  E. 
^r  W.  until  her  DifFererice  of  Longitude  be  3**  30',  and  the  Diftartcc 
(ailed  bt  required. 


^     \  2>^/>%e;4 


B 


iSI^ze^d 


By      PROJECTION. 

With  the  Sine  of  90^  in  your  Compaffes  taken  from  the  Plane 
Scale,  and  with  one  Foot  in  P  defcribe  the  Arch  E  Q,  and  updn  it 
fet  off  the  Difference  of  Longitude  210  Miles,  and  draw  the  Lines 
P  £  and  P  Q^  to  reprefent  the  two  Meridians ;  then  will  E  Q^  re- 
prefentthe  Equator,  and  P  the  Pole.  Again,  with  the  Sine  Com. 
of  the  Latitude  49**  30'  viz.  40°  30'  in  your  Compaffes,  taken  from 
the  Line  of  Sines  on  the  Plane  Scale,  and  with  one  Foot  in  P« 
defcribe  an  Arch,  and  !?ie  Diftance  between  the  Points,  where  it  cuts 
the  two  Meridians,  being  meafured  upon  the  fame  Scale  of  equal 
Parts  that  the  Difference  of  Longitude  was,  will  be  the  Departure 
J36.4  Miles, 

Or, 
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Or,  thus: 

Draw  the  Meridian  A  B,  and  With  the  Chord  of  60  in  your' 
CompiTes  defcribe  an  Arch,  and  upon  it  fet  off  the  Complement  of 
the  Lat.  40**  30'  {taken  from  the  Line  of  Chords)  and  fet  it  off 
upon  the  Arch  as  a  Courfe  in  Plain  Sailing,  and  draw  the  Line 
A  C  as  a  Diftance,  which  make  equal  to  the  Difference  of  Longitudio 
210  Miles  ;  then  will  the  Departure  C  D  be  the  Diibince  136.4 
Miles,  as  before ;  this  kft  Method  is  preferable  to  the  former,  as  we 
are  not  confined  to  any  particular  Scale. 

Reverfc  this  Problem,  and  fuppofe  the  Diftance  failed  in  any 
Parallel  of  Latitude  given,  to  find  the  Difference  of  Longitude. 

With  the  Sine  Com.  of  Latitude  in  your  CompafTes  defcribe  aa 
Arch,  upon  which  fet  off  the  Departure  136.4  Miles,  and  through 
the  Points  vjhere  it  cuts  the  Arch  draw  the  Lines  P  E  and  P  (Jj 
then  with  the  Sine  of  90^  in  the  Compafles,  and  one  Fool  in  the 
fiarmer  Centre  P,  defcribe  an  Arch  to  cut  P  E  and  P  Qj  then  E  Q 
b^ing  meafured  upon  the  fmall  Scale  of  equal  Parts  tuat  the  Depar«> 
ture  was,  will  be  the  Difference  of  Longitude  2 10  Miles, 


By    CALCULATION. 


To  find  the  Departure. 


As  Radius 

Is  to  the  Difference  of  Longitude        >      * 

So/il  Co-Sine  Latitude        — -  -1— 


90' 
210 


2.32222 

9.812^4. 
12.13476 

lO.OOOOO 


To  the  Diftance  or  Departure  i^—        136.4         2.13476 

By    G    U    N    T    E    R. 

^  The  Extent  from  Radius  to  Sine  Com.  LaL  40°  yf^  on  the  Lind 
of  Sines^  will  reach  from  the  Difference  of  Longitude  910  (0  Chd 
piftance  136.4  on  the  Line  of  Numbers.* 

By    INSPECTION* 
Fjnd  the  Sine  Com.  of  the  Latitude  among  the  Degrees,  and  ia 
th^  Diftance  Column   the  Difference  of  Longitude,   o^pofite  16 
which,  in  the  Column  of  Departure,  is  the  Diftance  required  \  bu^^ 
iB  the  Co-Latitude  is  40**  30',  therefore, 

For  40  Degrees  you'll  find  135 

For  41  D^^grees  you'll  find  i3"-7 


The  Sum  is 

Half  is  the  Diftance  required 


272.7 


'TViSafc 
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This  1$  done  becaufc  the  Table  of  DifFerence  of  Latitude  and 
Departure  is  calculated  only  for  fingle  Degrees. 
'  By  the  Reverfc  of  the  laft  Problem,   having  the  Diftance  run  in 
ady  rarallel  to  find  the  DifFerence  of  Longitude. 

Suppofe  a  Ship  in  Latitude  49®  30'  N.  or  S.  fails  direcHy  E.  or' 
W»  1 36.4  Mites,  and  her  DifFerence  of  Longitude  be  required. 


As  Co-Sine  of  Latitude 

49^30' 

/  9  81254 

Is  to  the  Diflance 

136.4 

2,i34»x 

SoisUadius 

10.00000 

J2.I348I 
9.81254 


To  the  Difference  of  Longitude  210  2.32227 


By    I  N  S  P  E  C  T  I  O  N. 

Look  for  the  Complement  of  the  Latitude  among  the  Degrees  as 
if  it  was  a  Courfe,  and  the  Departure  in  its  Column;  right  againft 
which  fk3ifid$  the  Difference  of  Longitude  in  the  Diihace  Column* . 

PR.  d/b    I.    E    M      II. 

Jf  it  be  required  to  find  the  Diftance  of  two  Places  under  the  fame 
Paralljpl,  and  the  Diflance  of  two  other  Places  under  the  fame 
Meridians  with  the  former,  differing  only  iq  Latitude,  it  will  be, 
.  As.  the  Sine.  Complement  of  one  Latitude,  is  to  the  Difl^c^  be^ 
tween  two  Places  in  that  Latitude,  fo  is  the  Sine  Complement  oT 
any  other  Latitude,  to  the  Diftance  between  two  Places  in  that  La- 
titude, lying  under  the  lame  Meridians  with  the  former  Places, 

Suppofe  two  Ships  in,  the  Latitude  45"^  N.  Diftance  220  Miles, 
fail  both  diredly  North  260  Miles,  and  if  it  be  required  to  ^nd  their 
Pittance  afunder. 

By     PROJECTION. 

.  Having  reduced  the  Diftance  failed  260  Miles  into  Degrees, 
And  added  them  to  the  Latitude  failed  from  45%  gives  49**  "^^o*, 
the  Latitude  they  are  in :  with  the  Sine  Complement  of  the  firft 
Latitude  45^  in  your  Compaffes,  defcribe  an  Arch  ;  and  with  tbf» 
Sine  Complement  of  the  fecond  Latitude  40^  40'  defcribe  an  Arch 
upon  the  former  Centre  ;  then  iippn  the  firft  Arch  fet  off"  the  firft 
pittance,  and  from  the  two  Extremities  draw  Lines  from  tha 
Centre,  and  they  will  cut  the*^ fecond  Arch  in  two  Points;  tha 
Piftance^  between  which  being  meafured  upon  the  fame  Scale,  will 
i)e  ^^051,7,  the  pittance  the  Ship?  ^?  afvin^er  ia  the  L?ititude  come  tQ% 
^  By 


Middle  latitude  sailing*       7^ 


By      CALCULATION, 


As  the  Co-Sine  of  the  Latitude  failed  from  45*  9.84948 

Is  to  their  Diftance  afunder  220  2.^4242 

So  is  the  Co-Sine  of  ths  Latitude  come  to  49^  20'      9.81402 

12.15644 
984948 

To  the  Diftance  required  -^—  202.7        2*30696 


By      G    U    N    T    E    R. 

<  The  Extent  from  45^  to  40°  40'  on  the  Line  of  ShaSj^  will 
reach  from  220  to  202.7,  the  fecond  Diftance  on  the  Line  of  Nim* 
bers: 

'  From  what  has  been  faid  it  will  be  eafy  to  conceive,  that  the 
Longitude  counted  in  one  Parallel  of  Latitude,  will  not  be  equal 
to  that  counted  in  any  other  Parallel  of  Latitude,  on  J^e  fame  Side 
of  the  Equator  I  and  as  Ships  feldom  fail  N.  or  S.  upon  one 
Meridian,  but  crofs  many  in  various  Diredlions,  it  follows,  that 
the  Longitude  can  neither  be  found  by  the  Latitude  left,  nor  by 
that  come  to :  therefore  add  them  together,  ai\d  take  half  that  Sum 
for  a  Mean  or  Middle  Latitude,  by  which  Departure  may  be  con- 
verted into  Longitude,   and  Longitude  into  Departure  i  for  it  will 


As  the  Co-Sine  of  the  Mid.  Lat,  *j       f  As  Radius 

Is  to  the  Dep.  from  the  Merid.  I  o  J  Is  to  the  Di£  of  Longitude. 

So  is  Radius  f  as  |  So  is  the  Co-Sine  of  Mid.  Lat« 

To  the  Miles  of  DifF.  of  Long.  J  '^  [^To  the  Departure. 


Or,  without  having  the  Departure,  to  find  the  reft,  it  will  be^ 

As  the  DifTerertce  of  Latitude  I  As  the  Co-Sine  Middle  Lat. 

Is  to  the  Difference  of  Longitude  I  Is  to  the  Tangent  of  the  CouHe« 

So  is  the  Co-Sine  of  Middle  Lat.  I  *So  is  the  Difierence  of  Latitude 

To  the  Tan.  of  the  Courfe.  |  To  the  Difierence  of  Longitude. 


K% 


io 
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AND 

As  the  Co-Sine  Middle  Lat. 

Is  to  the  Sine  Courfe, 

So  is  the  Diftance  failed 

To  the  Difference  of  Longitude.* 


XX^QfVi* 


T.Oou^. 


*  Let  <  B  AG  be  made  equal  td  the  Mid.  Latitude  AG.  (=rAD}the 
It^dius. 

Then  A  B  will  be  the  Co-Sine  of  the  Mid.  Lat.  and  D  E  is  the  Tang,  rf 
.  the  Courfe  of  the  fame  Radius. 

But  A  B  is  the  X  of  Lat. :  and  D  E  is  the  X  of  Ix)ng.  by  Conftruaion. 

Whence  A  B  the  Xof  Lat, :  Co-Sine  Mid.  Lat.  : ;  D  E  Dificiencc  #f 
Long.  :  1  an.  Courfe  alternately^  as  A  B  :  D  £  : :  Co-Sine  Mid.  Lat.  s 
Tang.  Courfe. 

CASE      L 

Tthe  X^atltude  and  Lonptude  tftwo  Tlaces  given^  to  find  the  Courfcj  or 
their  oearmg  and  Dijiance, 

Required  the  Courfe  and  Diftance  from  the  Lizard  to  the  £•  End 
of  the  Ifland  of  Barbadoes  f 

ISib*^  \^<-{J^  ztfjTjw.  {/  ;fS: 

t>iffeience  of  Latitude 


36^  45'  S.  Lat.  6^  09  Dif.  of  Lon.  54    23 

■  60 

60  Mid.  Lat.   31   34 


InMUei 


^20J 


90  00  in  Miles  3263 


Co9ip«  Mid*  Lat.  58'  2& 


Conftru2tion 
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O  .i>^7«o  JE 


J>eh.27S0     y  > 


CONSTRUCTION. 

.  Draw  thp  Line  A  B  to  reprefentthe  Meridian  of  the  Lizard,  and 
With  the  Chord  of  60°  defcribe  an  Arch,  upon  which  fet  off  the 
Comp.  of  Mid.  Lat,  58®  26',  as  a  Coufife  in  PlJine  Sailing,  takcil 
from  the  Line  of  Chords^  and  draw  die  Line  A  C  asa  Diftance, 
equal  to  the  Diff.  of  Long.  3263 ;  from  C,  let  fill  the  Perpendicular 
C  D,  and  that  will  b6  the  Departure  2780  Miles. 

Again  fet  off  the  Diff.  of  Lat.  ^205  from  A  to  £ ;  upon  E,  ereft 
the  Perpendicular  E  G,  which  make  equal  to  the  Departure  D  C, 
2780 ;  draw  the  Line  G  A,  and  it  is  done,  for  the  AngleG  A  E  will 
be  the  Courfe  51**  35',  and  A  G  the  Diftiance  3549  Miles,  the  fame  as 
before*  . 

Hence  it  will  be  eafy  to  conftfudl  any  Cafe  in  Middle  Latitude 
Sailing  j  by  confidering  the  Comp.  of  Mid.  Lat.  as  a  Courfe  in 
Plane  Sailings  and  the  Diff.  of  Long,  as  the  Diflance  \  and  the  Per* 
pendicular  let  fall  on  the  Meridian  will  be  the  Departure. 

Then  having  the  Difference  of  Latitude  and  the.  Departure  given, 
the  Courfe  and  Diftance  is  found*  the  fame  as  in  Cafe  the  VL  in 
Plane  Sailing* 

By  this  Method  are  the  following  Cafes  in  Miildle  Latitude 
Sailing  conftrufied,  being  in  my  Opinion  prefcfable  to  any  other, 
as  the  Learner  is  not  connnei)  to  any  particular  dcale  of  equal  PartS| 
and  has  only  to  make  Ufe  of  the  Line  of  Chords. 

By    CALCULATION. 

'    To  find  the  Deparmre  it  will  be^  To  find  the  Courfe  it  will  be^ 

As  Radius  90®  10.00000    As  the  Diff.  of  LaC,  2205     5-3434* 

lo.ooood 
3.44404 


n.*  xvauius  90  10.00000      I\'^\BKLJ\ 

Is  to  the  Diff.  Long.  3263    3*  91362    Is  to  Radius  90'' 

So  isCo^fit  Mid.  Lat«3i^34'  9^93046    So  is  the  Departure  2780 


v^  >3*444o8  M*444Q4 

10.00000  3  •54341 

To  the  Departure  2780       3»444o8    To  the  Tan#  of  Coo»  51*35'  10. 10063 
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To  fiiKl  the  DiAanee  it  will  be. 


To  Jmd  tlie  Cod.  w  ithout  thcDep.  it 

will  be, 

As  the  Diff  of  La.t.  iioj  1,34141 
JstotbcDi£of  Long,  526J  3,51362 
So  is  Co-fi.MiciiLat.  ii'^34'  9^95046 

15,444x58 


Ai  Radius  90®      lOjOOoOd 

Is  to  piff.  of  Lat.    2to^      3^3434^ 
So  ifi  Secant  Coude  51*35  10,20665 

13,53006 

lOpOOOO® 


Tang.  Courfc  51*3510,10067    TotheDlft.  3549       3*55006 

Hence  the  jirefl  Courfe  from  the  Lia&ard  to  the  Eaft  End  of  Bar- 
badocs  ts  S,  51  35  W,  or,  nearly  S*  W.  by  W.  half  W*  Oiftance 
3549  MUeSj  or  1183  Leagues, 

By    G  U  N  T  E  R, 

Firft,  Extend  from  Radius  or  90**  to  the  Co-Sine  Mid*  Lat»  58*^  x6' 
on  the  Line  of  Sines^  that  Extent  will  reach  from  the  DifF,  of  Long, 
3263  to  2780  the  Dcp,  on  the  Line  of  Numbers* 

Secondly,  Extend  from  the  D iff.  of  Lat,  2205  to  the  Dep,  278a 
on  the  Line  of  Numbers,  that  Extent  will  reach  from  RadiuS|  or 
45°  to  the  Courfe  51**  35'  en  the  Line  of  Tangents, 
1^  Thirdly,  Extend  from  Radius  or  90°  to  the  Sine  Courfe  51*  35'  on 
the  Line  Sines,  that  Extent  will  reach  from  the  Departure  2780  to 
the  Diftancc  3549  on  the  Line  of  Numbers. 

By  Inspection  in  the  Tables  of  DifFereiice  of  Latitude  and 

Departure, 

Rule.  Find  the  Degrees  of  the  Complement  of  Middle  Latitude 
fin  the  Tables  of  DiflFerence  of  Latitude  and  Departure,  as  if  it  was 
1a  Courfe  in  Plane  Sailings  and  the  Difference  of  Longitude  in  the 
[Diftance  Columni  as  a  Diftance,  in  the  Departure  Column  corre- 
jfponding  to  thefe  will  be  the  Departure  ;  witEi  the  Difference  of  La- 
[^itude  and  this  Departure,  find  the  Courfe  and  Diftancc,  as  in  Cafe 
nVI*  in  Plane  Sailii^, 

But  when  the  Difference  of  Longitude  happens  to  be  too  large,  as 
in  this  Cafe,  divide  it  by  any  convenient  Number^  obfcrving,  to  mul- 
tiply the  Departure,  when  found  by  the  fame  Number  you  divided 
bj. 

Here  the  Difference  of  Longitude  3263  being  too  large,  I  divide  it 
by  12,  which  gives  272,  aini  the  Complement  of  Middle  Latitude 
is  58,26,  but  hnce  the  Tables  arc  only  calculated  to  fmgle  Degrees 
I  look  for  a  12  of  the  Difference  of  Longitude^  viz.  272  in  the 
Diftance  Column  over  58  and  59  Degreej^  and  the  Departures  cor- 
refponding  to  thefe  are  230,7  and  233,1  their  Sum  is  463,8  half  is 
231,9,  ^hich  multiplied  by  12  gives  2782  for  the  Departure, 

Now  having  the  Difference  of  Latitude  and  Departure  the 
Coude  and  DiSance  is  found,  as  in  Cafe  VL  in  Plane  Sailing. 

CASE 
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CASE      IL 

£otb  Latitudes  and  the  Dt^rturefrom  the  MeriSan  ghen^  ufind  thg 
Courfe  and  Di/wnce^   and  t>ifference  of  Longitude. 

A  Ship  in  Latitude  4^^  sf  ^'  ^^  Longitude  5*  aV  W,  ikilf 
South  Wffterly,  till  her  Departure  ie  789^  Miles,  and  (he  be  in  La- 
titade  39*^  20'  N.  I  demand  the  Coorfe,   Diftance,   and  Longitude 


ike  is  in  ? 

Latitudeleft 
Latitudie  in 

Diff:  of  Latitude 


In  Miles 


49° 

39 

aoN. 

10 
60 

37 

637 

Latitude  left 
Latitude  in 

SumofLat. 

Middle  L^« 


4»*  57^- 
39  aoN. 


44 
90 


38 

00 


Comp.  of  Mid.  Lat.    4.$  22 


^   JD^   X^*J^ 


CONSTRUCTION, 

Draw  the  Meridian  A  D,  from  A  to  D  fet  dff  the  Difference  of 
Latitude  637  Miles,  and^on  D,  ereot  the  Feri^ndicular  D  6,  which 
make  equal  to  the  Departure  780  Mile^.  Draw  the  Line  A  G,  ^d 
dial  wil(  be  the  Diftance  1014  Mies,  and  the*  Angle  D  A  G  the 
Ci>urfe  51**  05'. 

Again,   draw  E  K  parallel  to  A  D,   making  tbe^  Diftance  from 


, ..,  ^ w  — oppofiti ^-  — 

Meridian  A  D,  through  where  that  cuts  the  Arch«  draw  the  Line  A 
£,  tb  cut  die  LineK  £  in  £,  from  E,  let  fall  the  PerDendiculaff  £  B» 
and  it  is  done,  for  A  £  will  be  the  Difference  of  Longitude  i  X09 
Miles* 

La  By 
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By    CALCULATION. 

To  find  the  Courfc  it  will  be.  To  find  the  Diflancc  it  will  be. 


As  the  Diff.  of  Lat,  ^57 
Is  to  Radius  90* 

So  is  Dcpartuie        789 


9«8o4i4    As  the.  Sine  Courfe  51  ^ 

IO.OOOOO    Is  to  the  Departure  789 

2*89708    So  is  Radius  '         90** 

12.89708 
2.80414 


9.89101 
2.89708 

IO.OQOOQ 

12.89708 
9.89IOI 


To  Tan.  Courfc  51*05'      10.09294    To  the  Dift^ce  1014  3^00607 


•  To  find  the  DifEcrence  of  Longitude  it  will  be. 
As  Co-Sine  Middle  Latitude       44"*  38'    9.85225 
Is  to  Departure  780  2.89708 

90  10.00000 


So  is  Radius 


12.89708 
9.85225 

>9   3.04483 

.r 

24'W, 
29  W, 

«3 

S3W. 

To  DiflFerence  of  Longitude  i 

Longitude  the  Ship  failed  from 
Diff.  Long.  1109  Miles,  or 

Longitude  in 


By    G  U  N  T  E  R. 

Firft.  The  Extent  from  the  Difference  of  Latitude  637  to  the 
Departure  789  on  the  Liiie  of  Numbers,  will  reach  from  Radius,  or 
45^  backward  to  5 1®  05'  the  Courfe  on  the  Line  of  Tangents. 

Secondly.  The  Extent  from  51^  5'  to  Radius  or  90*  on  the  Line 
of  Sines  will  reach  from  the  Departure  789  to  the  Diftance  1014  oa 
the  Line  of  Numbers. 

Thirdly.  The  .Extent  from  the, Complement  of  Middle  Latitude^ 
4.5®  22'  to  Radius  or  90®  on  the  Line  of  Sines,  will  reach  from  the 
Departure  789,  to  the  Difference  of  Longitude  1109,  ^^  ^^  Line  c^; 
Numbers,  -  .        "  / 

By    I  N  S  P  £  C  T  I  O  N. 
Rui^,  With  the  Difference  of  Latitude  and  Departure,  find  the 
Courfe  and  Dil^ance,  as  in  Cafe  VI.  in  Pl^ne  Sailing.  • 

Secondly.  Taking  the  Comp.of  Mid.  Lat.  as  a  Courfe  and  the  De-» 
parture  in  its  Colunin,  and  the  Diftanpe  cQrr.efponding  tQ.tbeife,  wiH 
be  the  Difference  of  Longitude. 

Thus,  taking  a  Tenth  of  the  Difference  of  Latitude  637  and  Dc-» 
parcure  789,  viz.  63.7  and  78.9  the  ne'areft  Numbers  to  theie  are  63.6 

and 
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and  78.5,  ftanding  together  over  51*^,  agiainft  Diftance  101,  which 
multiplied  bv  lo^ives  loio,  whence  the  Courfe  by  Infpe<£lion  is  S« 
51°  W.  ana  the  Diftance  loio. 

Taking  45°  22'  or  45**  as  a  Courfe,  and  a  Tenth  of  the  Depar* 
ture  78.9  in  it3  Column,  the  neareft  is  78.5,  in  the  Diftance  Column 
fiands  III  which  multiplied  by  10  gives  ixio  for  the  Difference  of 
Longitude  nearly  as  before. 

CASE    ni. 

One  Latitude^  Courfe^   and  Diftance^  given^   tot  find  tbi  Dlfferenu  of 
Latitude  and  Difference  of  Longitude. 
A  Ship  in  Latitude  42^  30' N:  and  Longitude  18*  3^*  W.  fails  S» 
£.  b]r  S.  591  Miles,   or  197  Leagues,  I  demand  the  Latitude  and 

Longitude  the  Ship  is  ip  ?  ^  .  . .    ^        . 


O  J><f, 


By    P  R  O  J  E  C  TI  O  K. 

With  the  Courfe  and  Diftance,  find  the  DifFerence  of  Latitude  and 
Departure,  as  in  Cafe  L  in  Plane  Sailing  :  viz.  draw  the  Meridian 
A  D,  and  on  A  defcribe  an  Arch  with  the  Chord  of  60%  and  upon 
it  fetofFthe  Courfe  S.  £•  by  S.  or  3  Points,  through  wherethat  cuts 
the  Arch  draw  the  Line  A  C,  making  it  equal  to  the  Diftance  591^ 
from  C,  let  fall  the  Perpendicular  C  D,  then  will  C  D  be  the  De- 
partur^,  and  A  D  the  DifFerence  of  Latitude  491  Miles. 

Draw  the  Line  £  F  Parallel  to  A  D,  making  the  Diftance  from  it 
equal  to  the  Departure.    . 

Take  the  Com.  of  Mid.  Lat,  51^  36'  from  the  Line  of  Chords  in 
your  CompafFes,  and  fet  it  ofF  on  the  Arch  on  the  other  Side  of  the 
Meridian  A  B,  and  through  where  that  cuts  the  Arch,  draw  the  Line  • 
A  £,  to  cut  the  Line  £  F  in  £,  from  £  let  fall  the  Perpendicular  £  D 
und  it  is  done,  for  A  £  will  be  the  Difference  of  Longixude,  419 
.Mile%, 

Lat* 


u 
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tat.  kft 
DiCofUt. 

n' 

30'N. 
11  S. 

Long.  If  ft 
Diff.  of  Long; 

Long,  in 

18P  31'W. 
6    J9  E. 

Xatteft 

34 
4» 

19  N. 
30 

II     3'^'- 

Sum 

76 

49 

Mid.  Lab 

38 

H 

From  what  has  been  faid,  it  will  be  eafy  to  conftrufl  any  of  the 
fbllowmg  CafeS)  as  they  are  conftru£led  the  iame  as  in  Plane  Sailing, 
only  obJerving  that  to  fi[>d  the  DiiFercnce  of  Longitude  you  muft 
take  the  Complement  of  Middle  Latitude  as  a  Courfe  in  Plane 
Sailing,  with  this  Courfc  and  the  Departare  find  the  Diftance,  and 
that  will  be  the  Difference  of  Longitude, 

To  End  the  fame  by  Calculatiok, 
To  find  the  Difference  of  Lat.  To  find  the  Departore- 


Ai  Radius 

1$  to  the  Diilance 

So  ii  Co-Sine  Co* 


JO.OOODO 
2,77159 
9.91985 


A&  Radius 

Is  CO  the  Dillance 

So  is  Sine  Courfe 


12.69144 

I0*O0OCO 


90^  10*00000 
59 1  3.77159 
3  fts,  9.74474 

I1.5I65J 

1 0.00000 


To  tlie  Diff.  of  Lat-  49 r-^  1.69144    To  the  Departure  $2B.$       1.51655 


To  find  the  Difference  of  Longitude, 
Without  the  Departure  it  will  be.  With  the  Departure  it  will  be. 

As  Co-fu  Mid.  Lat.  3^  24'  g^Sg^i  j 

2-77' 59 


Is  to  Sine  Courfe 
So  i^  DiHance 


59J 


AsCo-fi>  Mid.  Lat,  38**  24'9,894r5 
Is  to  Departure         5  z  8 ,5    2 ,5  rSij 


So  is  Radius 


12,51635 
9,89415 


90"    1 0,0000a 

2,51^17 

9,894' S 


To  Diff,  of  Long.  419        2,6221^ 


To  Dif.  of  Lon,  41 9 = 6*  j9'  2,622 1  z 
Long.  left  18^51' W* 


Whence  the  Ship  is  in  Lat.  54°  1 9'  N.  and  Long, 


II  32  W. 


By      G    U    N    T    E    R, 
Firft.  *  The  Extent  from  Radius  or  8  Points  to  the  Complement 
of  the  Courfe,  5  Points  on  the  Line  marked  S.  Rhumbs,   will  reach 
from  the  Diftancc  591  to  491  the  Difference  of  Latitude  on  the 
Line  of  Numbers/ 

Secondly.  *  The  Extent  from  Radius  or  8  Points  to  the  Courfe  3 
Points  on  the  Line  S*  Rhumbs,  will  reach  from  the  Diftancc  59 r  to 
the  Departure  328  on  the  Line  of  Numbers/ 

4  Thirdly 
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Thirdly.  <  The  Extent  from  the  Sine  Com.  Mid«  Lat.  51''  36'  to 
Radius,  or  00^  on  the  Line  of  Sines,  will  reach  from  the  Departure 
328  to  the  Diffi^trence  of  Longitude  419  on  the  Line  of  Numbers/ 

By    I  N  S  P  E  C  T  I  O  N. 

RuL£«  With  the  Courfe  and  Dtftance  find  the  Difference  of  La* 
titude  and  Departure,  as  in  Caie  the  firft  in  Plane  Sailing. 

Secondly.  Take  the  Com.  of  Mid.  Lat.  as  a  Courfe  and  the  Dep*. 
in  its  Column,  and  againfl  it  in  the  Diftance  Column  ftands  the 
Difference  of  Longitude. 

Thus,  under  the  Courfe  J^Points,  and  againft  a  Tenth  of  the 
Difiance  591  =r  59,  ftand  49,1  and  32,8,  thefe  multiplied  by  10  give 
491  for  the  DiflTereifce  of  Latitude,  and  328  for  the  Departure. 

Now  taking  the  Com,  Mid.  Lat.  51*^  36'  or  51°  as  a  Courfe,  and 
a  Tenth  of  the  Departure  328  =:  32,8  in  its  Column  (the  neareft  i^ 
32,6)  againft  which  ftands  42  in  the  Diftance  Column,  this  multi«  - 
plied  by  10  gives  420  the  Difference  of  Longitude,  nearly  as  be« 
fore. ' 

If  the  foregoing  Dire<Jiions  be  well  underftood,*  the  Learner  will 
not  find  it  difficult  to  work  the  following  Cafes  in  Middle  Latitude 
Sailing. 

CASE      IV. 

Csur/e  and  Difference  of  Latitude  given^  to  find  the  Departure^  Dlfianci^ 
and  Difference  of  Longitude* 
Suppofe  a  Ship  failing  from  the  Lizard,  makes  when  the  Variation, 
Lee- way,  &c.  are  allowed  for,  her  Courfe  S.  39°  W.  or  S.  W.  by 
S.  half  Wefterly,  and  then  by  Obfervation  is  in  Latitude  45^  31' N. 
What  is  her  Diftance  run,  and  Longitude  ^n  ? 
Latitude  of  the  Lizard     49**   57' N.        '  ■  49  sjN. 

Latitude  by  Qbfervation  45    31  N.  ■».  45  3«N. 

Difference  of  Latitude        4**   26'         Sum  of  Latitudes    9528 

60  Middle  Latitude  47  44 

In  Miles  266  • 


By    CALCULATION. 

To  find  the  Depai^ure  it  will  be.  To  fiad  the  Diftance  it  will  be. 

As  the  Co-fi.  Courfe  39^'     9.89050  As  theCo-fi.  Courfe   39®     9.89050 

Is  to  the  DifF.  of  Lat.  166   2.42488  Is  to  DiE  of  Lat.       266    2.42488 

So  i«  Sine  Courfe       39*  9»79887  Soisl^diut               90**  10.00000 

■  I  m»mamm  ■ ■     n  ■ 

ii.ti^T^  12.42488 

9.89050  9.89050 


Tothe  Departure  215.4      2.$ss^5    To  the  Diftance         342.32.5343,8 

~  T^ 


88 
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To  find  the  Diff.  of  Longitude.  To  find  the  Longitndc  iA. 

Ab  Co-fi.  of  Mid.  Lat.  47**  44'   9-82774    Lizard's  Longitude     f  14'W;* 
'h  to  the  Departure         21  ^.4     a. 33325    DiflF.  of  L*  320  M*  or  j'  aoW^ 


So  is  Radius 


90*' 


laooooo 

"•33325 
9*82774 


Lbngitudt  in 


10  34W* 


To  the  Diff.  of  Long.  320.  J       ^^S^SS^ 


C    A    S    E        V. 

Both  Latitudes  and  Djftance  giverty  to  find  the  Courfe  and  Difference  ^ 

Longitude. 

Suppofe  a  Ship  runs  300  Miles  N.  Wcfterly  from  a  Port  in  37**  N. 
Latitude,  and  Longitude  10*^  25'  W.  until  (he  be  in  Latitude  41* 
N.  what  is  her  Courfe  and  Longitude  in  ? 


Latitude  left 
Latitude  in 

Diff.  of  Lat. 


In  Miles 


37^  oo'N. 
41    00  N. 

4  00    Sum  of  Latitude 

60  Middle  Latitude 


37*^  ooT^T. 
41    00 N. 

78  00 

39   00 


240 


By    C  A  L  C  U 

To  find  the  Courfe  it  will  be , 
As  the  Diftance         300      2.477  ^  * 
Is  to  Radius  90^     10.00000 

Sk)  is  Diff,  of  Lat.     240      2.38021 


L  A  T  I  O  N. 

To  find  the  Diff.  of  Lon.  it  win  be* 

As  Co-Sine  Mid.  Lat.  39**  9.890^;© 

Is  to  Tang.  Courfe  36.52 

So  is  DiffTof  Lat.    240 


22.38021 

2.47712 


9.87501 
2.39021 

T 


I2.255tt 

9.89050 


To  thcCo-fineCou.  36®  52'  9.90309,    To  Diff.  of  Long.  231.6      2.36471 


Longitude  left  — 

Difference  of  Longitude 

Longitude  in 


10^  2S'W. 
3    52  W. 


14   "i^Vt. 


C    A    S    E      VL 

One  Latitude,  Courfe j  and  departure  given,  to  find  the  Di/iance^  Differ'^ 
ence  of  Latitude  and  Difference  of  Longitude. 
A  Ship  fails  E.  S.  E.  fron>  a  certain  Port  in  Latitude  50®  i^  S. 
and  Longjltude  lO^  16^  £.  until  her  Departure  from  the  Meridian  be  . 
057  Miles ;   I  demand  her  Diftance  failed,   and  the  Latitude  and 
Longitude  (he  is  in  I 

To 
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To  find  the  DiC  of  Lat.  it  will  be» 

As  S,  Coarfe  6  Pts.  9*96562    Latitadeleft  50^  ic/& 

Is  to  the  Departure  957        2.98O91     *"*"    ^»   .       ^ 
So  is  Co-Sine  Cou>  6  ?ts»     9.582^4 


Is  to  the  Departure  90       i.98091     Diff.  of  Lat.  396,  or         6    $6  S. 


Latitude  in  ^6    46  S. 


i«-56375 
9.96561 

To  the  Diff.  of  Lat.  396.4  i.59813 

To  find  the  Diftancc  it  will  bc> 

As  S.  Courfe  6  Pts.  9.96562    Lat.  left    ^cP  10^  S. 

Is  to  the  Departure  957        2.98091     Lat.  in       j6    46  S. 
So  is  Radius  10.00000 


12.98091 


2)106    56  Sum  it 


9.96552  55    28  Mid.  Lat. 


To  the  Diflancc  1036  3»oi  529 

To  find  the  Diff,  of  Lon.  it  will  be> 

As  Co-fi.  Mid.  Lt.  ss""  ^^'  9-77473    Long,  left  Is  jo®  i6'E» 

Is  to  the  Depart.     957        2.98091     Diff.  of  Long.  i6o8>  or    26    48  E* 
So  is  Radius  1 0.00000  .—  , 


Long,  ia  37      4  E. 

12.98091  ■  m^ 

9*77473 

To  the  M.  Dif.  of  Ln.  1608  3.20618 

CASE     VIL 

One  Latitude^  DiJIance  Jaikd^  and  Departure  frm  thi  M€fi£gn  ghen^ 
to  find  the  Couife,  Piffetence  of  Latitude^  and  Difference  of  Longi^ 
ttuie. 
A  Ship  in  Latitude  49*  30'  N.    and  Longitude  t^^  40^  W.  fails 

South  Eaftward  645  Miles,   until  her  Departure  from  the  Meridian 

be  500  Miles ;    I  demand  the  Courfe  fteered^   and  the  Latitude  and 

Longitude  the  Ship  is  in  i 

To  find  the  Courfe  it  will  be>        To  find  the  Diff.  of  Lat  it  will  be^ 

As  the  Diftance  645  2»8o95,6    As  Radius  10,00000 

Is  to  Radius  io»ooOoo    IstotheDiilance£45  2,80956 

So  is  the  Depattaie  500        a>69897    So  is Co^SioeCoarie  50^50^ 9^80043 

I2,6989lr  t2«66999 

7.06000 


t, 80956  io.< 


T6S.Cottrfe5o'^j<i'         9*8894*    Toihc  lXftofLat»497,3   2,60990 

M'        ■-■     •  ■  Latb 
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Lat  leftis  49  *"  30'N.  Lat.  left-  •  49  5or 

Di£  Lat.  407,  or        .6    47  S.  Lat..  in  41  43 

Lat.  in  42    43  N.  £iun  is 

;■'■'■    ■ 

Middle  Latitude 

To  find  theDiff.  of  Lon.  it  will  be. 

As  Co-Sine  Mid.  Lat,  46°  6'  9,84098  Long,  left 

Is  to  the  Departure  500         2,69897  DifF.  of  Lon.  721,  or 
So  is  Radius                        10,00000  ^ 

-- — — *-—  long,  in 
12,69897 

9.84098  ^.   _ 


9» 

n 

46 

6 

14» 

12 

40'W. 

01  £. 

2 

59  W. 

To  the  DifF.  of  Lon.  721,  12,85799 


M  E  R  C  A  T  O  R' s     S  A  I  LI  NG. 

PLANE  SAILING,  as  has  been  before  obferved,  fiippofcs  the 
Earth  and  Sea  to  \^  in  the  Form  of  a  Bowling- Green,  on 
which  the  Meridians  are  parallel,  ^nd  the  Degrees  of  Latitude  and 
lyongitude  equal  in  all  Places  ;  but  the  Earth  and  Sea  include  a  round 
Body  or  Globe,  on  which  ihe  Degrees  of  Latitude  are  equal  in  all 
Places,  and  the  Degrees  of  Longitude  decreafe  from  the  Kxjuator  in 
Proportion  to  the  Sine  Complement  of  the  Latitude. 

Though  the  Meridians  all  meet  at  the  Poles,  and  the  Parallels 
to  the  Equator  continually  decreafe,  and  that  in  Proportion  to  the 
Co-Sines  of  their  Latitudes  ;  yet  in  old  Sea  Charts  the  Meridians 
were  drawn  parallel  to  each  other,  and  confequently  the  Parallels 
of  Latitude  made  equal  to  the  Equator,  and  fo  a  Degree  of  Longi- 
tude on  any  Parallel,  as  large  as  a  Degree  on  the  Equator  :  Al(b  in 
thefe  Charts  the  Degrees  of  Latitude  were  ftill  reprefented  (as  they 
ar^  in  themfelves,  equa]  to  each  other,  and  to  thofd  o(  the  .Equator  3 
by  thefe  Means  the  Degrees  of  Longitude  being  iricrcafcd  l^von^ 
their  juft  Proportion,  and  the  more  fo  the  nearer  they  approach  the 
Pole,  the  Degrees' of  Latitude  ktthe  fame  Time  remaimng  the  fame, 
it.is  evident.  Places  muft  be  very  errdneoufly  marked  down  upon  thofe 
Charts,  with  refpeft  to  their' Latitude  and  Longitude,  aod  confe* 
quently  their  Bearing-from  one^  another  muft  be  very  filfe. 

To  retncdy  this  Inconvenience,  fd  as  ftlll  to  keep  the  Meridians- 
|MiralleI,'  it  is  plain  we  muft  protract  or  lengthen  the  Degrees  of  La- 
titude  in  the  fame  Proportion  as  thpfe  of  Longitude  are,  that  fo  the 
if^roportion  in  Eaftkigo|;:  Wefting  may  be  the  fa^mie  with  that  of 
Ndrthing'or  Southing  {  and  confequently!  the  Bearing  of  Places  frdmi 
•acl^  other  to  be  the  lame  upon  th^  Chart  as  upon  the  Globe  itfelf. 
''"  *  Now 
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G 


Now  to  difcover  how  the  Mepdians  ar^  expanded  from  the  Equa- 
tor in  Proportion  to  the  Degrees  of  J/ongitude  decreafing  towards 
the  Poles; 

Let  A  B  D  in  the  annexed  Scheme,  reprefent 
the  Quarter  of  the  Meridian ;  F  B,  the  Radius  of 
a  Parallel  of  Latitude ;  now  C  G,  which  is  equal 
to  F  B,  is  to  CD,  as  a  Degree  oh  the  Parallel  is 
to  a  Degree  on  the  Meridian,  or  any  great  Circle ; 
and  as  C  G  is  to  CD,  fo  is  CB  to  C  E,  the  Se- 
cant  of  the  Latitude  of  the  Parallel. 

Therefore  in  a  Projedlion  of  the  Globe  where 
the  Meridians  are  kept  parallel,  it  is  evident,  a 
Degree  on  the  Meridian  at  any  Parallel  muft  be 
equal  to  the  Secant  of  the  Latitude  of  that  Pa- 
rallel ;  and  the  Diftance  of  any  Point,  upon  the  Meridian,  from  the 
Equator,  is  equal  to  the  Sum  of  the  Secants  contained  between  it 
and  the  Equator. 

Hence  it  is  evident,  that  by  a  continual  Addition  of  Secants,  be- 
ginning a^  the  Equator,  a  Table  of  Meridional  Parts  may  be  com- 
pofed  for  every  Degree  and  Minute  in  the  Quadrant. 

Therefore  the  Meridional  Difference  of  Latitude  between  any  two 
Places  may  be  eafily  found,  by  finding  the  Meridional  Parts  anfwer- 
ing  to  both  Latitudes,  and  either  adding  or  fubtra^ting,  according  as 
the  Cafe  requires  ;  that  is,  if  both  North  or  both  South,  fubtradted  ; 
but  if  one  North  and  the  other  South,  added  gives  the  Meridional 
Difference  of  Latitude  between  them :  but  the  Meridional  Difference 
of  Latitude  between  any  Place  and  the  Equator  is  found,  by  taking 
the  Meridional  Parts  belonging  to  the  Latitude  of  that  Place. 

To  find  the  Meridional  Parts  belonging  to  any  Number  of  De- 
grees and  Minutes  of  Latitude  required.    ^  • 

In  the  Table  of  Meridional  Parts,  fcek  the  Degrees  on  the  upper 
Part  of  the  Table,  and  in  theJeft  or  Right  Hand  Column  the  Mi- 
nutes marked  on  the  Top  with  M.  oppofite  to  which,  and  under 
the  Degrees,  are  the  Meridio'nal  Parts  required. 

Suppofethe  Meridional  Parts  belonging  to  57°  18'  were  required  ? 

Look  in  the  Table  under  57®,  and  oppofite  to  18  ftands  4116,  the 
Meridional  Parts  of  57°  18'. 

The  fame  may  be  obferved  of  any  Degrees  and  Minutes  required. 

The  Solution  of  the  following  Problems,  as 
well  as  all  other  Trigonometrical  Operations  in 
Navigation,  depend  upon  the  fourth  Fropofition 
of  the  fixth  Book  of  Euclid  j  where  it  is  demon» 
ftrated,  that  Triangles  which  are  fimilar  or 
alike  their  like  Slides  are  Proportional :  There^ 
fore  in  the  annexed  Triangles  ABC,  and 
A  F  G,  the  Radius,  Sine,  and  Sine  Comple- 
ment, or  the  Radius  Tangent,  and  Secant, 
form  a  right-angled  Triangle ;  and  the  Sine  Tangent  and  Secant  of 

M  2  any 
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any  Arch  in  one  Circle,  is  in  Proportion  to  the  Sine  Tangent  and 
Secant  of  the  fame  Arch  in  another  Circle,  as  the  Radius  of  the  one 
is  to  the  Radius  of  the  other. 

Vet  A  B  reprefent  the  proper  Difference  of  Latitude  j  B  C  the 
Departure ;  A  C  the  Diftance  j  and  the  Angle  B  A  C  the  Ship's 
Courfe.  Produce  A  B  to  F,  to  reprefent  the  Meridional  or  erdarged 
Difference" of  Latitude;  and  parallel  to  B  G  draw  F  G,  to  repre- 
fent the  Difference  of  Longitude.  It  is  plain  that  A  B  is  in  propor- 
tion to  B  C,  as  A  F  is  to  F  G ;  and  that  the  Sine  Tangent  and  Se- 
cant of  the  Triangle  F  A  G,  isas  theRadius  ACistotheKadius  AG  : 
Wherefore,  as  the  Sine  Complement  of  the  Courfe  is  to  the  Meri- 
dional Difference  of  Latitude,  fo  is  the  Sine  of  the  Courfe  to  the 
Difference  of  Longitude,  and  the  contrary.  And  as  the  proper  Dif- 
ference of  Latitude  is  to  the  Departure,  fo  is  the  Meridional  Differ- 
ence of  Latitude  to  the  Difference  of  Longitude. 

Hence  it  will  be  eafy  to  reduce  Departure  into  Difference  of  Lon- 
gitude, and  Difference  of  Longitude  into  Departure. 

Therefore,  all  Cafes  in  Mercator's  Sailing  are  worked  by  Geo- 
metry, Trigonometry,  Gunter's  Scale,  Infpe£tion,  and  the  Ta- 
bles exaftly  the  fame  as  in  Plane  Sailing,  by  only  confidering  the 
Meridional  Difference  of  Latitude  as  proper  Difference  of  Latitude  ; 
and  the  Difference  of  Longitude  as  Departure  :  For  it  is  no  more 
than  enlarging  the  Difference  of  Latitude  that  the  Difference  of  Lon- 
gitude may  be  in  Proportion  to  the  Departure,  as  the  Meridional 
Difference  of  Latitude  is  to  the  proper  Difference  of  Latitude,  the 
Courfe  continuing  the  fame  ;  and  the  Sine  Complement,  or  Tangent 
Complement  of  inc  Courfe  bears  the  fame  Proportion  to  the  Meri- 
dional Difference  of  Latitude  that  the  Sine  or  Tangent  of  the 
Courfe  does  to  the  Difference  of  Longitude,  and  therefore  is  found 
in  the  fame  Manner  as  if  they  were  Difference  of  Latitude  and  Dc« 
parture  in  Plane  Sailing. 


CASE         L 

The  Latitudes  and  Longitudes  of  two  Places  given,   to  find  the  dxreQ 
Courfe  and  Dtjlance  between  them. 

What  is  the  Courfe  and  Diftance  from  the  Lizard,  to  the  Eaft 
Part  ofBarbadoes? 

Lizard's  Lat.     49°57'N.  Mer.  Psvrts  3470  Long.  5**  I4'W, 
Barbadocs  Lat.  13  12  N.  Mer.  Part   799  Long.  59    37  W. 

■ »     ■    »■  ■  ■  II I  pi  I     .  —— 

Difference         36  45  =1:2205  M.  Diff.  2671  Diff,  54  23=3632  M. 

By 


MERCATdR's    SAILING. 


93 


>& 


By    P  R  O  JE  C  TIO  N. 

ift*  Draw  the  Meridian  of  the 
Lizard  A  B,  which  make  equal  to 
the  Meridional  Difference  of  La- 
titude 2671  Miles,  on  B  ero^l  the 
Perpendicular  B  C,  upon  which  fet 
off  the  Diff,  of  Longitude  3263 
Miles.  Draw  the  Line  C  A  ; 
then  will  th6  Angle  B  A  C  be  the 
Courfe  50^  42'. 

2d]y.  Set  off  the  proper  Diff. 

of  Latitude  2205,    upon  the  Me-  C  ^^ j _.  *, 

ridian,   from  A  to  D,  and  E  D  parallel  to  B  C,   to  cut  A  C  in  E  j 
then  will  E  A  be  the  Diftance  3481  Miles.     To  find  die  lame 

By    C  A  L  C  U  L  AT  I  O  N. 

To  find  the  Courfe  it  will  be.  To  find  the  Diftance. 

As  Mer.  Diff.  ofLat*  2671  3,42667     As  Co-Sinej::ourfc     jo.42  9,80166 

^205  3.54341 
90°  10.00000 


I>e^  f^^4- 


Is  to  Radius 


90^  10.00000    Is  to  P.  Diff.  of  Lat. 


So  is  Diff.  of  Long.     3263  3,51362    So  is  Radius 

I3>5i362 

3,42667 


13-34341 
9,80166 


To  the  Tan.  Cou,  50^  42'  10,08695    To  the  Diftance        .  3481  3,54175 

Whence  the  di reft  Courfe  from  the  Lizard  to  Barbadoes,  is  S.  5O342 
W.  or  nearly  S.  W.  by  W.  \  W.  Dilhnce  3481  Miles. 

By    G  U  NT  E  R. 

Firflr.  *  The  Extent  from  the  Meridional  Diff.  of  Lat.  2671  to 
the  Diff.  of  Long.  3263  on  the  Line  of  Numbers,  will  reach  from 
Radius,  or  45°  to  50^  42'  on  the  Line  of  Tangents. '/" 

Secondly.  '  The  Extent  froni" Co- Courfe  39°  18'  to  Radius  or  90* 
on  the  Line  of  Sines,  will  reach  from  the  Proper  Diff.  of  Lat.  2205 
to  3481,  the  Diftance,  on  the  Line  of  Numbers.' 

By    INSPECTION, 

Rule.  Look  for  the  Meiidional  Difference  of  Latitude,  and  Dif- 
ference of  Longitude,  as  if  they  were  really  Difference  of  Latitude. 
and  Departure  in  Plane  Sailing,  and  the  Courfe  will  be  fou/id  among 
the  Points  or  Degrees  at  the  I'op  or  Bottom  ;  then,  inftead  of  the 
Meridional  Difference  of  f/atitude,  look  for  the  proper  Difference  of 
Latitude,  in  the  Column  marked  Lat,  and  in  the  Column  marked 
Pift.  will  be  the  Diftance  requirea. 

Thus,  with  the  20th  Part  of  the  Mer.  Diff.  of  Lat.  2671,  and 
Diff.  of  Long,  3263,  viz.  133  and  163.1  the  neareft  Numbers  are 
J 63. 1  and  133.8  ftanding  over  4  \  Points,  which  is  the  Courfe,  ovej: 
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which,  in  the  Lat.  Column,  look  fpr  the  20th  Part  of  the  proper  DiiF. 
of  .Lat.  2205,  viz.  1 10.2  the  neareft  is  iio.r  againft  Dift.  174, 
this  multiplied  by  20,  gives  3480  for  the  Diitance  nearly  as  be- 
fore. 

CASE  IL 
Brtb  Latitudes  and  the  Departure  from  the  Meridian  given^  tofindthi 
Courfey  Diftance^  and  Differenct  of  Longitude. 
A  Ship  in  Lat.  49*^  57'  N.  and  JU)ng.  5°  14'  W,  fails  S.  Weft- 
ward,  until  her  Depart,  from  the  Meridian  be  789  Miles,  and  then  by 
Obfervation  is  in  the  Lat.  39^  20^  N.  required  her  Courte  fteereciy 
Diftance  run,  and  Longitude  in  ? 
Lat.  left  49  57  ^lerid.  Parts  3470 
Lat  in  39  20    Merid.  Parts  2571 

DifF.of  Lat.  ID  37=637  Ms.  Di.  899 


C     J3^/.£ang.         B 

By    PROJECTION- 

With  the  Proper  Difference  of  Lat.  and  Departure,  projcfl  the 
fame  as  in  Cafe  VI.  in  Plane  Sailing  ;  extend  the  Meridian  A  E  to 
B,  and  make  A  B  eaual  to  the  Meridional  DifF.  of  Lat.  and  draw  « 
Line  parallel  to  the  Departure  D  E  ;  produce  the  Diftance  A  D  to 
cut  this  Parallel ;  and  C  D  will  be  the  Difference  of  Longitude. 
Hence  the  Courfe  will  be  found  to  be  S.  51°  5'  W.  Diftaage  1014, 
and  DilF.  of  Long.  1 1 14  Miles.     To  find  the  fame 

By    CALCULATION. 
As  the  P.  DifF.  of  Lat.  657;  2,80414    A&  Radius  90°      10.00000 

IstoRadhis  90°  10.00000    Isto  Diff.  of  Lat.     637        2.80414 

So  is  the  Departure     789    2.89708    So  is  Sec.  Courfe     51  ^^  5'  ro.ioigi 


12.89708 
2.80414 


15.00603; 
10.00000 


To  Tang.  Coo.    51**  5'  =:  10.09294    To  the  Diftance     1014        3.0060^ 


As  Radius  90^ 

Is  to  Mer.  Diff.  Lat.  899 
SoisTan.Cou,     ,51.5 


lo.oooQO    Long,  left 
2.9^376    Diff.  of  Long.  1 1 14 : 
10.09292 

Long,  in 


5 
18 


34  W 


13.04668 
laooooo 


23    48W. 


To  Diff.  of  Longt  1114       3 .04668 


HcriCourfo  is  S.  5i«  ^  W.  and 
Diftance  1014  Miles. 

Note.  The  Diff.  of  Lon.  may  be 
found  by  faying.  As  Prop.  Diff.  of 
Lat. :  Dcp. ;:  Merid,  Diff.  of  Latt  : 


Diff.  of  Long. 


By 
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By     G    U    N    T   E   R- 

ift.  <The  Extent  from  Diff.  Lat.  637,  to  Dcp.  789,  on  the  Line  of 
Numbers,  will  reach  from  Radius,  or  55^  to  41  .  5^,  the  Courfe  on 
the  Line  of  Tangents.* 

adly.  *  The  Extent  from  Radius  to  Com.  Courfe  38"*  55',  on  the 
l^ine  of  Sines,  will  reach  fr6m  DiiF.  Lat.  637,  to  1014,  the  Diftance 
on  the  Line  of  Nun^bers/ 

3dly.  '  The  Extent  from  Co-Courfe  38*  55'  to  Sine  Courfe  51^  5' 
on  the  Line  of  Sines,  will  reach  from  Merid.  DiiF.  Lat.  899,  to  1 114 
the  DifF.  of  Long,  on  the  Line  of  Numbers/ 

By    INSPECTION. 

The  Diff.  of  Lat.  and  Dep.  being  found  together  in  dieir  refpefiiire 
Columns,  will  give  the  Courfe  among  the  Degrees  or  Points,  and 
the  DIft.  in  its  Column :  in  the  Lat.  Column  belonging  to  the  Courfe, 
look  for  the  Meridional  Diff.  of  Lat.  and  agajnft  it  will  ftand  the 
Diff.  of  Lone,  in  the  Departure  Column. 

Now  J  of  Diff.  of  Lat.  and  of  Dep.  are  106.1  and  1 3 1. 5,  the  near- 
eft  Numbers  to  thefe  are  106.4  and  131.3,  ftanding  together  over 
51°  the  Courfe,  and  againft  Dift.  169;  this  multiplied  by  6,  gives 
1 014  the  Diftance. 

Again,  over  51®  look  for  ^  of  Merid.  Diff.  of  Lat.  89.9  in  the 
Lat.  Column,  the  neareft  is  90,  againft  which  ftand  iiz.i  in  the 
Dep.  Column;  this  multiplied  by  10,  gives  it  11  for  the  Diff.  of 
Longitude. 

CASE      IIL 
Both  Latitudes  and  Courfe  given^  to  fihd  the  Diftance  and  Difference  of 

Longitude,^ 
A  Ship  from  the  Lizard  makes  her  Courfe  S.  39^  W.  and  then  by 
Obfervation  is  in  Latitude  45**  31' N.     Required  her  Diftance  run j 
and  Longitude  in  ? 

Lat.  of  the  Lizard  49®  57'N.  Mer.  Parts  3470 
Lat.  byObfer.       45  31  N.  Mer.  Parts  3074 

Piff.  4  a6  =266  M.  Diff.  s-geM. 


J)^£a%:B 


By    P  R  O  J  E  C  T  I  O  N. 
Draw  a  Meridian,  A  B  the  lower  End  A  will  reprefent  the  Ship's 
Place  in  her  firft  Latitude.^ 

Take  the  Proper  Difierencc  of  Latitude  266  in  your  Compaflcs, 
and  with  ont  Foot  in  A,  the  Ship's  Place,,  laj'  the  other  upon  the 

Meridian 
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Meridian  ;  then  from  A  to  E,  take  the  Merid.  DifF.  of  Latitude  306 
•  in  your  Compafles,  and. with  one  Foot  in  A,  the  Ship's  Place,  a5 
before,,  lay  the  other  upon  the. Meridian  at  B  ;  and  upon  thefe  two 
Points  raife  the  Perpendiculars  D  E  and  C  B  j  a  Line  drawn  from  th^ 
Ship's  Place,  making  an  Anglt  with  the  Meridian  equal  to  39**  the 
Ship's  Courfe,  will  cut  the  two  Perpendiculars  at  J)  and  C ;  the 
firft  will  be  the  Departure,  which  terminates  the  Diftance  A  D  342, 
and  the  other  will  be  the  Difference  of  Longitude  C  B  i:  3Z1 
Miles. 

From  what  has  been  faid,  it  is  plain,  that  any  Cafe  in  Mercator's 
Sailing  may  be  projected  as  a  Right-angled  Triangle,  by  only  con- 
fidering  the  Difference  of  Longitude,  or  l^cparture,  as  the  Bafe; 
the  Meridional,  or  Proper  Difference  of  Latitude,  as  the  Perpendicu- 
lar^ the  Hypothenuie  cut  by  the  Departure  as  Diftance;  and  the 
Angle  which  that  makes  with  the  Perpendicular,  the  Courfe  ;  for 
in  all  Cafes  in  Mercacor's  Sailing,  the  Meridional  Difference  of  Lati- 
tude bears  the  fame  Proportion  to  the  Difference  of  Longitude,  that 
the  Proper  Difference  oi'  Latitude  does  to  the  Departure. 

Thefe  Inftruclions  being  well  underftood,  will  be  fufficient  t» 
inform  the  Learner  how  to  conftrufl  any  of  the  following  Ca(es  : 

By    C  A  L  C  U  L  A  T  I  O  N. 

To ,  find  the  Diftance.  To  find  the  Diff.  of  Lon. 

As  iie^.C(ySi.*C.0J|r/e  39^  .  9,89050  As  the  Co-Si.  Courfe  39°  9,89050 
Is  to  the  Diff.  of  Lat.  266  2',^i^SS  '  Is  to  Mer.  Diff.  of  Lat,  396  2.59779 
5o  is  Radius  10,00000    So  is  S.  Courfe  39' <*    9,7988^ 

.12^.2488  .'2,39657 

9,89050  k  9,89050 

To  the  Diftance       342,3    e, 53438    To  the  DiE,  of  Lon.  320,7  2,50607 

I>ongitude  left  5''    14' W. 

Difference  of  Long.  321;  or      5     21  W. 

Longitude  in  10     35  W. 

By      G    U    N    T    E    R. 

ift.  *  The  Extent  from  Co-Sine  Courfe  51°,  to  Radius  on  the  Line 
of  Sines,  will  reach  from  the  Proper  Difference  of  Latitude  266,  to 
the  Diftance  342.3^  on  the  Line  of  Numbers.' 

2dly.  *  The  Extent  from  Co-Sine  Courfe  51%  to  Sine  Courfe 
3Q°  on  the  Line  of  Sines,  will  reach  from  the  Meridian  Difference 
of  Latitude  396,  to  the 'Difference  of  Longitude  321,  on  the  Line  of 
Numbers;' 

By    INSPECTION. 
Under  the  Courfe  39%  and  agaipft  half  the  Diff.  of  Lat.  133,  {^ands 
17 1  in  the  Dill.  Column,  which  being  doubled  is  342,  the  Diftance ; 

under 
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tinder  the  fanle  Degrees3  and  in  the  Lat,  Column,  look  for  half  the 
Merid.  DiiF.  of  Lat;  198,  againftthat,  in  the  Dep.  Column,  ftands 
'  ito.Si  doubled  is  321,  the  Diff;  of  Longitude  nearly  as  before. 

G    A    S    E      IV. 

One  Latitude^   Courfe^   and  Difiance  glven^   t9  jind  thi  Diffirtnci  of 
Ldtitudey  and  Vijfirence  of  Longitude. 

A  Ship  in  Latitude  42^  30*N,  and  Longitude  18^  31' W;  fails  S. 
W.  by  S.  591  Miles.  I  demand  the  Latitude  and  Longitude  the 
Ship  is  in  I 

To  find  the  Diff.  of  Latitude  it  wili  be. 
As  Radius  10,00000    Lat.  icft    42 <>  30'  **  p         f  282^ 

Is  to  the  Difbuice    591         2,77159     Dif.Lt.491  8    11       •^"^(2194 

So  is  Co-Si.  Courfc    3  Pts.  9,91985  — — 

-^    Lat;  in       J4   19  M.Dif.Lat.  62S 


I2,69r44 
ioyooooo 


^6  tlie  bi£  of  Ikt.  491,4   2,69144 

To  find  the  Diff.  of  Lon.  it  will  be. 
As  Co-fi.  Cou.  3  Pis;  9^91985  Loft.  left  i8°3i W, 
IstoM.Dif. Lat.  6^82479796  DiL42o=7    oW. 
So  18  S;  Couife  3  Pts.  91,74474 


Biff.XoTig. 


Loiigin   25  31W. 


12,54270 
ToMswDi.Lon.  419.6  2962285 


by    G    tj    K    t    iE    fe. 

ift.  ^  The  Extent  from  Radius  to  5  Points^  the  Com;  of  the 
Cdurfe  on  the  Line  marked  S  R,  will  reach  from  the  Di(lance'59i^ 
to  the  Difference  of  Latitude  491.4,  on  the  Line  of  Numbers.' 

adly:  •  1  he  Extent  from  Co-Courfe  5  Points,  to  the  Gourfe  3Pts. 
.  bn  the  Line  mkrked  $  R^  will  reach  from  the  Merid.  Difference  of 
Latitude  628,  to  the  Difference  of  Longitude  419.6,  on  the  Line  of 
Nutibersi' 

By    I  N  S  P  E  C  t  I  O  Ni 

Under  the  Courfe  3  Points,  and  oppofite  a  tenth  of  the  btilance 
^(9  in  the  Latitude  Column  ftands  49,1^  which  multiplied  by  io» 
is  491,  the  Difference  of  Latitude;  then  find  \  of  the  Meridian  Dif*  . 
ference  of  Latitude  157,  in  the  Latitude  Column,  againft  which 
ftsinds  105  'ill  the  Departure  Column,  which  niultiplred  by  4»  gjives 
420,  the  Difference  of  Longitude. 

*  N  Case 
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C    A    S    E      V. 
Sotb  Latitudes  and  Dijl.gtvenj  to  find  the  Courfe  and  Diff.  ofLongHude* 
if  a  Ship  runs  300  Miles  N.  W.  from  a  Port  in  Lat.  37*"  N.  and 
Long.  10**  25'  W.  until  (he  be  in  Lat.  4i*N*     Required  the  CoHrfir 
ftecred,  and  Longitude  in  ? 
Lat.  left    37  N.       Merid.  Parts  2393 
Lat.  in      41 N.      Merid.  Parts  2702 


HlffiLong. 


Diff. 


4=:24oM.  Diff.  309  M. 


By    CALCULATION. 

To  find  the  Courfe.  To  find  thc^Diff.  of  Longitude.^ 

^  the  Diftance  300  2>477i2     As  Co-Si.  Cou.    96*  52'     9,9031  r 

Is  to  Radius  ro/x>ooo    Is  to  Mer.  Diff.  of  iiat.  309  2^8996^ 

-SoifiP.  Dif.  ofLat.  240     2,38021     So  is  S.  Courfe    i^"^  ^%^     9,77812 


Jf  2,38021 
2,47711 


]2,26So^ 

9,90311 


Ti>  die  Co-Si.  Cou.365  52^  9190309    To  Miles  Diff.  Lon.  231,7  2,36457 


Longitude  left 

Diff.  of  Longitude  231,  or 

Longitude  in 


10*^   25' W.       ^ 
3    51W. 


14    16 


By      G    U    N    T    E    R. 
ift.  *  The  Extent  from  the  Diftance  joo,  to  the  proper  DiffcrtnGC 
,  of  Latitude  240,  on  the  Line  of  Numbers,  will  reach  from  Radius 
ergo**,  to  53"^  8'  the  Com.  of  the  Courfe,  on  the  Line  of  Sines.' 

2dly.  '  The  Extent  from  Co-Courfe  53"*  8',  to  Courfe  36**  52',  ©ft 
the  Line  of  Sines^  will  reach  from  the  Meridian  Difference  of  La- 
titude 309,  to  the  Diff.  of  Long.  231.7,  on  the  Line  of  Numbers/ 

By    I  N  S  P  E  C  T  I  O  N. 

;.  With  theVDfftance  and  Difference  of  Latitude  find  the  Courfe  t 
then,  in. the  Latitude  Column  belonging  to  this  Courfe,  find  the 
.Mernkian  Difference  of  Latitude ;  againft  which,  in  the  Departure 
Corumn,  will  ftind  the  Diff.  of  Longitude. 

;.  T^us*.  half  the  Diftance  150,  and  half  the  Difference  of  Latitude 
120,  wmbe  found  ftanding  together  in  their  Columns,  nearly  under 
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37% 


_  the  Courfe ;  and  in  the  Lttitude  Golumfi,  find  half  the  Meri- 
dian DifFcTiCnce  of  Latitude  154.5,  ^^^  neareft  to  it  is  154.1  i  againft 
which,  in  the  Departure  Column,  ftands  ti6.i|  douUed  is  232. t, 
the  Difference  of  Longitude  nearly  as  before. 

C    A    S    E      VI. 

One  Latitude^   Courfe^   and  Departure  given,    to  find  the  Djfianee% 
Difference  0/ Latitude,  and  Difference  of  Longitude. 

A  Ship  fails  E.  S.  E.*  from  a 
certain  Pprt  in  Latitude  50°  10' 
S.  and  Longitude  io**i6'  E.  un-  *^ 
ti!  her  Departure  from  the  Mefi-  J 
dianbe957  Miles.  Idemandthe  ^^ 
Diftance  failed,    and  the  Lati-  ^ 
Cude  and  Longitude  (he  is  in  ?    S 


T©  find  the  Dlilance  it  will  be. 
As  the  S.  Courfe     6  Pts.     9,96562 
Is  to  the  Departure  957        2,98091 
So  is  Radius  10,00000 


12,98091 
9,9^56* 


To  find  the  Dif.  of  Lat.  it  will  be. 

As  S;  Courfe  6  Pts      9,965  6t 

Is  to  Departure       957        2,98091 
So  is  Co-Si.  Cou;    6  Pts.     9,58284 

9,9656^ 


To  the  Diftance      1036      3,01529    To  Dif.of Lat.  ^g6zz6^s^'  2,59815 

-  I     ■ 

Lat.  left  50'' 10'   S.  Mer.  Pts.  3490 
Latin      ^6  46    S. Mer. Pts.  4157 


To  find  the  Diff.  of  Long. 

As  Co-Si.  Cou.  6  Pts.  9,58284 
htoM.  Dif.  of  Lat.  667  2,82413 
80  is  S.  Cou.       6  PtSi        9,96562 


12,78975 
9.58284 


Merid.  Diff. 

Long,  kft 

Diff.  of  Long.  1610 


10^ 
26 


667 

i6'fi«. 
50  £• 


To  Diff.  of  Long.  1610       3,20691     Long,  in 
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By      G    U    1^    T    E    R. 

ift.  *  The  Extent  from  6  Points,  to  Radius  on  the  Line  marked 
S  R,  will  reach  from  the  Departure  957,  to  the  Diftance  1036,  on 
the  Line  of  Numbers.* 

2dly.  *  The  Extent  from  6  Points  to  2  Points,  on  the  Line  marked 
S  R,  Will  reach  from  the  Departure  957,  to  the  Difference  of  La- 
titude 396,  on  the  Line  of  Numbers.* 

3dly.  *  The  Extent  from  6  Points  to  2  Points,  on  the  Line  mark- 
ed S  R,  will  reach  from  the  Meridian  Difference  of  Latitude  667, 
^tbe  Difference  of  Longitude  16 10,  on  the  Line  of  Numbers/ 

N  2  "  By 


IM         ME  R  C  A  T  O  R's    S  A  I  L  I  M  O. 


By    INSPECTION. 

Oytt  the  Courfe  6  Points^  ahd  againft  a  fifth  of  the  Departure^ 
191.4,  ftands  79.2  ahd  107,  whiph,  multiplied  by  5,  jgives  396,  the 
Difference  of  Latitude,  and  1035  for  the  Diftancc. 

Then  in  the  Latitude  Column  find  a  Tenth  of  the  Meridian 
Difference  of  Latitude  66.7,  the  neareft  to  that  is  66^6  ;  againft 
which,  in  ^e  Departure  Column,  (lands  1^0.8,  which,  multiplied 
by  ip,  is  1608,  the  Difference  of  Longitude. 

CASE      VIL 

One  Latit^de^  J)ijiance  faiUdy  and  Departure  from  the  Meridian  given^ 
to  find  the  Courfe^  Difference  of  Latimde^  and  pifference  of  Longir 
tude. 
A  Ship  in  Latitude  49^  30'  N. 

and  Longitude  14° 40' W.     Sails 

S.  Eaftward  645  Miles,  until  her 

Departure  from  the  Meridian  be 

500  Miles.     Required  the  Courfe 

fteered,  apd  the  Latitude  and Loi^» 

gitude  fhe  is  in  ? 


To  find  the  Courfe  it  will  bc^  To  find  the  Diff.  of  Lat  it  will  be, 

A?  the  Dillance         64c      2,80956  As  Sine  Courfe      50^50^    9,88948 

Is  to  Radius              90^'     10,00000  Is  to  Departure      500          2,69897 

So  is  Dep.               500       2,69897  So  is  Co'-Si.  Cou»  50^  50'    9,80043 


12,69897 
2,80950 

To  Sine  Courfe    50*^  50'    9,88941 


12,49940 

To  Diff.  Lat.  407,3    ^        ^,6099* 

=  6M7'      3 
Lat.  left   49     30  N.    M.Pts.  3428 


Tp  find  the  Diff.  of  Long,  it  will  be. 
As  Co-Si.  Cou.      50°  50'  9,80043  ..  ■  — 

Ist0M.Dif.0fLat.588        2,76938    Merid.  DifF.  Lat. 
So  is  Sine  Cou.      50^  50'  9,88948 


Lat.  in     42    43  N.    M.  Pts.  2840 

588 


1^,65886 
9,80043 

ToDif.Ln.  721,8=3:12    2  2,85843 
Long,  left  14  40 


As  Pro.  Dif.  of  Lat.  407,3  2,6099* 
Is  to  Departure  500      2,69897 

So  is  M.  Dlif.  of  Lat.  588      2,76938 

5,46835 
2,6099  a 


Lon":.  m 


2  38  W.  To  Dif,  of  Long.      721,8  ^,85843 

'  Hence 
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ffence  the  Ship'9  Courfe  is  S.  50**  50'  E*  or  S.  E,  |  Eaft  ncarl/, 
Und  is  in  the  Latitude  of  42^  ^•S'N,  and  Long,  2^  3&' W. 

By      G    U    N    T    E    K. 

I  ft.  *  The  Extent  from  the  Diftance  645,  to  the  Departure  500 
pn  the  JL.ine  of  Numbers^  vri)l  reach  from  Radius  to  50®  50',  on  the 
Line  of  Sines.' 

2dly.  *  The  Extent  from  50**  50'  to  39®  10',  on  the  Line  of  SincS| 
l»rilj  reach  from  the  Departure  500,  tg  the  Piffcrence  of  Latitude 
407,  on  the  Line  of  J^umbers.* 

3cily.  *  The  Extent  from  50®  50'  to  39*  10',  on  thp  Line  of  Sines, 
will  reach  from  the  Meridian  Difference  of  Latitude  588,  to  the 
difference  of  I^ongitude  722,  pn  the  Line  of  Numbefs/ 

By    INSPECTION. 

Now  a  Fifth  of  the  Diftance  and  Departure  are  129  and  100,  and 
are.  found  together  over  51**;  and  in  the  Latitude  Column  (lands 
8i.2>  which  multiplied  by  5  is  406,  the  Difference  of  Latitude.' 

Then  in  the  Latitude  Column,  feek  |  of  the  Meridional  Difference 
of  Latitude  147,   the  neareft  is  146,6  ;   againft  which,   in  the  Dc- 

i)arture  Column,   ftands  |8i,;,  piuitiplied  by  4,  is  724,4,  the  Dif^ 
erence  of  Longitude.. 

paying  in  the  preceding  Parts  fhewn  bow  to  work  the  moft 
ufeful  Problems  in  Middle  Latitude  and  Mercator's  Sailing ;  (hall 
now  work  the  four  following  Cafes  both  by  Middle  Latitude  and 
Mercator's  Sailings,  in  the  Manner  I  generally  teach  Perfons  who 
are  of  Age,  ^nd  Youth  of  good  Abilities  ;  ^fpe^ iaily  if  they  are  li- 
mited to  a  Qxort  Time^  and  believe  they  are  all  that  can  well  hap* 
pen  at  Sea. 

Tie  following  four  Cafes  are  worked  hy  Middle  Latitude  and  Mercatofi 

Sailing. 

Required  the  Bearing  and  Diftance  between  the  Li«ard  in  Lati- 
tude 49**  57'  N.  and  Longitude  5®  14  W.  the  Ifland  of  St.  Mary\ 
one  of  the  Weftern  Iflands,  in  Latitude  37^  00'  N.  and  Longitude 
25^  6' Weft. 

Lizard's  Lat.   49®57'N.     Merid.  Pt«.    2393    ^^*    59i4.'W. 
St.Mary-sLat.  37  00  N.    Merid.  Pts.    3470    Lon.  25  00  W. 

DiCofLat.     12  57=777  Miles.    Diff.  1077    Di£  19  52=1192  Miks. 

Sum  Lat.      2)86  57 

^ddleLat.      43  28 


The 


ic^ 


The      PROJECTION, 


Bj  Mcrcator'8  Sailing. 

Draw  the  Meridian  M  T  =  1677 
Ac  Merid.  Diffl  of  Lat.  and  M  T 
r=  777  the  Prop.  Diff.  of  Lat.  per- 
I>cnaicttlar  to  M  T  draw  T  H  and  T 
O-  Make  TH  =z  1 1 92  Miles,  the Dif. 
cf  Long.  Join  H  and  M,  T  M  H  will 
be  the  Courfe  S,  47^^  54'  N.  and  O 
MtheDift.  1159  Miles, 


By  Mid.  Lat.  Saving. 

Draw  the  Meridian  A  B,  with  tint- 
Chord  of  60"*  defcribe  the  Arch  PS, 
upon  which  iet  off  46*^  32'  the  Com. 
of  Mid.  Lat,  from  Q^toS;  through 
S  draw  the  Line  A  N  ::=  1 192  Mika 
the  Diff.  of  Long.  Let  fall  the  Per- 
pend. N  B,  which  will  be  the  Depar- 
ture 865.  Upon  A  B  fct  off  A  C  777 
Miles,  theKfierence  of  Latitude,  ana 
upon  C  ereft  the  Perpendicular  C  D, 
and  upon  it  fet  off  th«  Dep.  86^. 

Join  D  and  A,  and  it  is  done,  for 
D  A  will  be  the  Diftance  1 1 68  Miles, 
and  the  Angle  C  A  D  the  Cootfe 
S.  48^4'V^ 

The    CALCULATI  ON. 

B7  Mid.  Lat.  Sailing.  By  Mercator's  Sailing.   • 

M  Radiua  90°        10,00000    As  the  M.  Dif.  of  Lat.  1077  5,03222 

ts^  to  Dif.  of  Long.  11 92     3,07628    Is  to  Radius  90^  10,0'oood 

SoisCo-fi.  M.  Lat.  43^  28'  9,86080    So  is  the  Dif.  of  Lon.  1 192  3,07628 


12,93708 
10,00000 


13,07628 
5,o32aa 


To  the  D^arlurc  865,1  =  2,93708    To  Tan.  of  Cou.  47^  54'  10,04406 


As  Diff.  of  Lat.  777    2,89042    As  Radius  lo^oocw 

Is  to  Radius  90^  10,00000    Is  to  the  P.  Dif.  of  Lat.  777    2,89042 

Soia  the  Departure  865,1    ^,93708    SoiaSccof  Cou.47^  54'  '9»'7?^ 


12,93708 
2,89042 


i3/>640f 

10,00000 


To  Tan.  of  Cou»  48**  4'  10,04666    To  the  Dift.  in  Miles  1159  3,06407 


As 
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As  Radka                         io>ooooo  Noti.  The  Conrfe  nay  he  fbmid 

h  to  the  Di£  of  Lat.  777    2,8904.2  by  N^d.  Lat.  Sailiog  without  tiie 

So  IS  the  Sec.  Courfc  48^  4'  9,17505  Dcpartwc,  thus, 

. »-  AsDiff.  ofLat.            777  2,89049 

12,06547  Is  to  Diff.  of  Long.      1192  3,07628 

1 0,00000  So  is  Cp-ii.  M*  Lat.  4^^  28'  9,86080 

TotheDiftanco        1163    2,06547  11,9370s 

'  ■      ■"■»»  2,8904s 

To  Tan.  Courfc     48®  4'  10,04666 

By      G    U    N    T    E    R. 

By  Middle  Latitude  Sailing. 

I  ft.  « Extend  frdm  Radius  or  90%  to  46°  32^  the  Comp.  Mid.  Lat- 
en  the  Line  of  Sines,  that  Extent  will  reach  from  the  Diff.  of  Long^ 
1192,  to  the  Dep.  865,  on  the  Line  of  Numbers/ 

adly.  *  Extend  from  the  Dep.  565,  to  the  Diff.  of  Lat.  777  on 
ihe  Line  of  Numbers^  that  Extent  will  reach  from  Radius  or  45%  to 
the  Courfe  48®  4',  on  the  Line  of  Tangents/ 

3dly.  '  Extend  from  Radius  or  90%  to  the  Courfe  48®  4',  00  th« 
Line  of  Sines,  that  Extent  will  reach  from  the  Dep.  865,  to  the  DifU 
1 16 J  Miles,  oa  the  Line  of  Numbers/ 

By  Mercator. 

ijB-.  *  Extend  from  Merid.  Diff.  of  Lat.  1077,  to  Diff.  of  Longi- 
tude 1 192  on  the  Line  of  Numbers,  that  Extent  will  reach  from  Ra- 
dius* or  45**,  to  the  Courfe  47°  54',  on  the  Line  of  Tangents.' 

2dly.  *  Extend  from  Radius  or  90%  to  the  Com^.  of  42°  6*011 
the  Line  of  Sines,  that  Extent  will  reach  from  the  Prop.  Diff.  of  Lat. 
777,  to  the  Dift.  J159,  on  the  Line  ofNum^bers.' 

By    I  N  S  P  E  C  T  I  O  N.     :  ^      •; 

By   Middle  Latitude   Sailing*.     ^  "  • 

Look  for  the  Comp.  of  Mid.  Lat.  as  if  it  was  a  CiAirfe  in  P^nc 
Sailing,  and  Difference  of  Longitude  in  the  Diftanci  "Column,  op- 
polite  to  which  will  ftand  the  Departure  ia  its  Column.  Having  the 
Difference  of  Latitude  and  Departure,  the  Courfe  and  Diftaqce  is 
found  in  Cafe  VI.  in  Plane  Sailing.,  '  .      * 

Thus,  taking  |  of  the  Difference  of  LongitUdi!  1192  =  298,  «hci 
as  the  Comp.  of  Middle  Latitude  iS  46®  32  or  nearly  46 1 ,  I  took 
Qver  46^  and  47%  and  againft  Diflance  298  fiands  214)4  ^"^  ^'^ 
in  the  Departure  Columns ;  which  added  together^  gives  432^^4^ 
half  is  216,2,  this  multiplied  by  4,  becaufe  the  Difference  of  Lon- 
"gmide  was  divided  by  4,  gives  864z;;8  tjje  Departure  :  "Again,  U- 
king  J  of  the  Difference  of  Latitudes  ^^''^  I  of  th*e  Departure  ^9i^2 
-and  214.2,  the'neareft  Numbers  to  thefe  ftanding  together  are  216.2 

and 


io4         ME  RC  A  Tt>  R'8    S  A  ILIK6. 

and  194=7,  over  48^  and  againft  the  Drftahce  291 ;  this  multtplfc/' 
by  4  gives  the  Diftance  1164  Miles.  Hence  the  CourfehS*'  48**  W. 
and  Diftance  1 1 64  Miles. 

By  ME&CAto'rf. 

.tft.  Loolifbr  tTie  Meridian  Difference  of  Latitude  and  DiiFerence 
6f  Long,  until  they  are  found  ftanding  in  their  refpeftive  C6urftSy^ 
las  if  they  were  Latitude  and  DeparttfreJ  and  the  Courfe  will  be 
found  among  the  Degrees  or  Points  in  the  Latitude  Columns; 
belonging  to  this^  find  the  Proper  Difference  6f  Latitude,  Oppofite  to 
tsrhich  ftands  the  Dift.  in  its  Column. 

Now  T7  of  the  Meridian  Difference  of  Latitude,'  and  the  ^  of  the 
Difference  of  Longitude  are  170,7  and  119,2,  the  nearcft  Number^ 
in  the  Tables  are  107,7  and  119,6  ftanding  together  over  48^,  which 
is  the  Courfe  ;  over  48°  in  the  Latitude  Column,  I  fook  for  the  y^  of 
the  Ptbp*  Difference  of  Latitude,  which  is  77,^7,  the  neareft  is  77,6, 
againft  this  ftauds  116  in  the  Diftance  Coiumnj  this  multiplied  by^ 
lo  gives  1 160  the  Diftance  nearly  a;s  before; 

The  Difference  of  Latitude  and  Departure  ^iven^'  to  find  the  Courfe^  Dif^ 
tancey  and  Difference  of  Longitude^  by  Middle  Latitude  and  Mercator*s 
Sailing* 

A  Ship  from  the  Latifude  of  37*  60'  N.  arid  Lohgitade  48'^  20'  W. 
fails  between  the  North  and  Eaft,  until  flie  be  in  Latitude  51°  f  s''  N, 
and  finds  that  fhe  has  made  564  Miles  of  Departure,  ^hat  was  het 
iireSt  Courfe,  Diftance  run,  and  Longitude  in  ? 

;gLat.  left      37*^  o'N.      Merid.Part^  2593! 
Lat.  in         51   15N.      Mcrid.  Parts  3  593 

14  15=855  Ms.        iDif.  1206 


SuraLat.-JJ88  15 


Midi  Lat.    44:    7 


Draw  the  Meridian  A  P,  make  it  equal  to  855  the  Difference  tit 
Latitude  ;  on  P  ere<a  the  Perpendicular  P  N,  and  make  it =564  the 
Departure ;  join  D  and  N,  then  will  the  Angle  P  D  N  be  the  Coude 
N.  33*  25'  W.  and  D  N  the  Diftance  1025  Miles. 

A,  the  Diftance  of  the  Departure  564,  draw  E  F  parallel  to  D  P  j 
with  the  Chord  of  60**  defcribe  the  Arch  T  S,  and  upon  it  fet  off 
the  Comp.  of  the  Middle  Latitude  45°  5  V  from  S  to  T,  through  T 
draw  D  0,  to  cut  E  F  in  O,  then  will  O  D  be  the  Difference  ofXon^ 
785,6  Miles,  by  Middle  L^tude  Sailing. 

Agdil 
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» 

Again,  produce  D  P  to  A,  and  make  D  A  =:  laoo  the  Meri4« 
Difference  of  Latitude  ^  draw  A  B  parallel  to  P  N,  and  produce  D 
N  until  it  cuts  A  B  in  B  ;  then  will  A  B  be  791,7  Miles,  the  D'df. 
of  Long,  by  Mercator's  Sailing. 

By    CALCULATION. 

As  the  Diff,  of  Lat.    855;     2.93197    As  Radius  96**  laooboo 

Is  to  Radius  90^     10.00000    Is  to  the  Diff.  of  Lat.  85c    2.93197 

So  is  the  Departure    564    2.751 28    So  is  Sec.  Cou.       $$^  if  10.07848 

'    ■  ■  u 

12.75128  13.61045 

2»93i97  10.00000 


To  the  Tan.  of  Cou.  33**  25'  9.8 1 93 1  To  the  Diftance        1025    3.01045 

To  find  the  Difference  of  Longitude. 

By  Mid.  Lat.  Sailing.  By  Mercator's  Sailing. 

As  Co-fi.  Mid.  Lat.  45**  53' 9.8560!  As  Co-Si.  Courfc    ^s^  ^s'  9-9215^ 

Is  to  Departure         564       2.75128  Is  to  Men  Dif.  Lat.  1200     3.07918 

So  is  Radius             90^    lo.ooooo  So  is  Sine  Courfe      ^^  2^  9*74^3 

12.75128  12.82011 

9*85608  9^92151 


ToDif.of  Lon.  785.6  Miles  2.89520  *  To  Diff.  of  Lon.  791.7  Ms  2.89859 


6,0)78,6  6,0)792 


Diff.        13    6E.  Dif.L0n.13  12  E. 

Lon.  left  48  20  W.  Lon.  left  48  20  W» 

Lon.  in  35  14W  by  M.  Lt.  Sailing.    Lon.  in    ^^    8  W.by  Mcrk  Sailing* 

Her  dire(ft  Courfe  is  N.  33®  25'  E.  or  N.  E  by  N.  nearly^  and 
Diftanc«  1025  Miles. 

By    G  U  N  T  E  R. 

ift.  ^  Extend  from  855  to  564  on  the  Line  of  Numbers,  that  Ex- 
tent will  reach  from  Radius  or  45°,  to  33*^  25^  the  Courfe,  on  the 
Line  of  Tangents.* 

idly.  *  Extend  from  Radius  or  90**,  to  the  Courfe  33**  25'  on  the 
Line  of  Sines,  that  Extent  will  reach  from  the  Departure  564,  to 
theDiftance  1025,  on  the  Line  of  Numbers.' 

3dly.  *  Extend  from  Radius  or  90%  to  the  Complement  of  Middle 
Latitude  55**  53^  on  the  Line  of  Sines,  that  Extent  will  reach  from 
the  Departure  564,  (o  785  Miles,  the  Difference  of  Longitude  by 
Middle  Latitude  Sailing.  \ 

4thly.  '  Extend  from  the  Sine  of  the  Courfe  33**  25'  to  i&fc  Co- 
Sine  of  the  Courfe  56**  35'  on  the  Line  of  Sines,  that  Extent  wiir>each 
from  the  Meridional  DJifF.  of  Lat.  1200  to  792  Miles  the  DiJJT.  of 
Long,  by  Mercator.' 

O  Or, 
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« Or,  the  Extent  from  the  DifF.  of  Lat.  855,  to  the  Departure  564, 
will  reach  from  the  Meridional  DiiF.  of  r*at,  1200,  to  792,  on  the 
"Line  of  Numbers.' 

By    INSPECTION. 

With  the  Difference  of  Latitude  and  Departure,  find  the  Courfe 
and  Diftance  as  in  Cafe  VI.  in  Plane  Sailing.  Take  the  Comp.  of 
Middle  Latitude  as  a  Courfe,  and  the  Departure  in  its  Column,  the 
correfpohding  Diftance  will  be  the  Difference  of  Longitude  j  by 
Middle  Latitude  Sailing.     And 

Having  found  the  Courfe,  inftead  of  the  Proper  Difference  of  La- 
titude, find  the  Meridional  Difference  of  Latitude  in  the  Latitude 
Column  belonging  to  the  Courfe  ;  the  correfponding  Departure  will 
be  the  Difference  of  Longitude,  by  Mercator's  Sailing. 

Now  taking  -Jg-  of  the  Diff.  of  Lat.  ,V  of  the  Departure  viz.  85.5 
and  56.4,  the  neareft  Numbers  ftanding  together  in  the  Tables  to 
thcfeare,  85.5  and  55.5,  under  33*'againfl  Diftance  102,  and  85.4 
and  57.6,  under  34*^  againft  Diftance  103,  now  33°  added  to  34° is  67, 
half  is  33^^  30'  the  Courfe ;  and  102  added  to  103  gives  205,  half  is 
102.5,  wnich  multiplied  by  10,  gives  1025  the  Diftance. 

To  find  the  Difference  of  Longitude. 

Over  the  Complement  of  Middle  Latitude  46'',  find  I  of  the  De- 
parture, viz.  141  in  its  Column,  and  againft  it  ftands  196  in  the  Dif- 
tance Column,  this  multiplied  by  4,  gives  784  Miles,  the  Diff.  of 
Longitude,  by  Middle  Latitude  Sailing. 

Again,  the  Courfe  being  33°  25'  or  nearly  33°  f ,  look  for  -^'-g-  of  the 
Meridional  Diff.  of  Lat.  =1 120  in  the  Latitude  Columns,  under  33** 
and  34°,  the  nearcft  Numbers  to  thefe  are  iic.g  and  1202,  the 
Departures  correfponding  are  77.9  and  81. i,  their  Sum  is  159,  half 
is  79.5,  which,  multiplied  by  10,  gives  795  the  Diff".  of  Lon.  by 
Mercator's  Sailing,  nearly  as  before. 

From  what  has  been  faid,  it  is  eafy  to  perceive  that  all  the' 
Cafes  (fave  the  firft)  in  Middle  Latitude  and  Mercator's  Sailing,  are 
proje(5ted  and  worked  in  the  iame  Manner  as  in  Plane  Sailing,  and  to 
obtain  the  Difference  of  Longitude  by  Middle  Latitude  Sailing, 
the  Complement  oR  the  Middle  Latitude  is  taken  as  the  Courfe  in 
Plane  Sailing,  and  with  this  Courfj  and  the  Departure,  the  Diftance 
is  found,  which,  will  be  the  Difference  of  Longitude  by  Middle  La- 
titude Sailing.  And  having  the  Courfe,  take  the  Meridional  Dif- 
ference of  Latitude,  as  if  it  was  the  Proper  Diff*erence  of  Latitude, 
the  correfponding  Departure  will  be  the  Difference  of  Longitude  by 
Mercator's  Sailing. 

The  Courfe  and  Dijlance  given^   to  find  the  Difference  of  Latitude^   and 
Difference  of  Longitude. 

A  Ship  from  Cnpe  Clear,  in  Latitude  51*^  15'  N.  and  Longitude 
9®  50'  W.  fails  S.  W.  by  S.  until  (he  has  run  1022  Miles,  what 
Latitude  and  Longitude  is  ftie  in  ? 

4  '  As 
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90^     10.00000    As  Radius  90°     10  ooooo 


As  Radius 

Is  to  the  Diftance       1032     5.00949    Is  to  the  Diflance     1022      3.00945 

So  is  Sine  Courfe      3  Pts.  9.74474    So  is  Co-Sinc  Co.    3  Pts.    9.9198c 


12.75410 
10.00000 


1 2.92950 

lO.OOOCO 


To  the  Departure  567.8        2.75419    To  the  Diff.  of  Lat.  849,8  2.92950 

Now  849.85   or  850  divided  by  60,   gives  14°  lo'S.    and  being 
fubtradled  from  the  Latitude  of  Cape  Ckar,  leaves  37°  5'  the  Lati- 
tude in;  Hence  the  Middle  Latitude   is  fouiKl  to  be  44®  10',    and 
Meridional  Difference  of  Latitude  1 1 94.     Whence, 
To  find  the  Difference  of  Long,  by     To  find  the  Diff.  of  Long,  by  Mcr- 


Mid.  Lat.  Sailing. 

As  Co-fi.  Mid.  Lat.  44°  10'  9r8557 1 
Is  t(5  the  Departure  567.8  2.75420 
So  is  Radius  90**  10.00000 

12.7^420 
9.85571 


cator's  Sailing. 

As  the  Co-fi.  Courfe  5  Pts.  9.9198!^ 
Is  to  M.  Diff.  of  Lat.  11 94  5.0770O 
So  is  Sine  Courfe    5  Pts.  9.74474 

15-82174 
9.91985 


To  the  Diff.  of  Lon.  791.6  2.89849  To  the  Diff.  of  Lon.  797.8  5.90189 

Cape  Clear's  Long.  9^  50' W.  Cape  Clear's  Long.  9^   50' W- 

Diff.  of  Long.  792  :r:     15     12W.  Diff.  of  Long- 798  =     15     18  W. 

Lon,  in  by  Mid.  Lat.  =  25     02  W.  Long,  in  by  Mercator,     25     c8  W. 


7he  Courfe  and  Difference  of  Latitude  givcn^  to  find  the  Dijiance  and 
Difference  of  Longitude* 
A  Ship  in  37°o'N.  and  Longitude  22°  56'  W,  fails  N.  22°:?o'E, 
for  feveral  Days,  and  then  by  (3bferv:uion  is  found  to  be  in  the 
Latitude  51°  15'  N.  Required  the  Diftaace  run,  and  Longitude 
in? 

^  15'  Merid.  Parts 


Lat. 
Lat. 


57    00 


Merid.  Parts 


Diff.        14    15  =  855  Miles 


Sum 


3^93 
2393 

1 200= Merid.  Diff.  of  Lat. 


^)88  15=44.7  Mid.  Lat. 

As  Co-Si.  Courfe  22°  20'    9.96614  A^Co-Si.  Courfe  22**.2o'  9.96614 

Is  to  Diff.  of  Lat.  85c          2.93 1 97  Is  to  Diff.  of  Lat.  %^^  2,93 1 97 

80  is  Sine  Courfe  22^20'    9.57978  So  is  Radius            90**  10.00000 


f2,5ii75 
9.96614 


i2-93-«!97 
9.96614 


To  the  Departure  35i»3      2.54561    TotheDiftance      924.3      2.96583 


O  % 


T<i 
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To  find  the  Difference  of  Longitude. 

By  Mid.  Lat.  Sailing,  By  Mercator's  Sailing. 

As  Co-Si.  Mid.  Lat.  44"*  7'  9.85608  Co-Si.  Courfe  22^  20'  9^96614 
Is  to  the  Departure  351.3  2.54561  IstoM.Dif.ofLat.  1200  3.07918 
So  is  Radius  90^     10.00000    So  is  Sine  Courfe    22**  20^  9.57978 

12.54561  12.65896 

2.85608  9.96614 


''.t. 


ToDif.lx)n,489?=8<>  o'E,  2.68953    ToDif.Lon. 493=8'' 13 
Ii0|i.left  22  56  W.  Long,  left  22  56 

Lon|[.  in  14  47  W,  by  M.  Lt.    Long,  in 

Thefe  four  Cafes  are  all  that  can  well  happen  at  Sea,  but  as  fome 
young  Men  are  inattentive  and  frequently  looking  in  the  Book  to 
ice  if  their  Calculation  is  the  fame  as  that  fet  down. 

The  Teacher  perhaps  finds  it  neceffary  to  let  fuch  work  the  fol- 
lowing Queftions  by  Way  of  Exercife. 

^vj/?.  ift.  Required  the  Bearing  and  Diftance  of  Hang.  Cliff  in 
ShetJand,   in  Latitude  60°  g'  N.    and  Long.  qo^^S'W.   and  t;hc 
J^orth  Cape  of  Lapland,  in  Lat.  71°  10'  N.  Long.  26°  3'  E. 
J  J-  5  N.  44®  48'  E.  Dift.  931.5  Miles,  by  Mercator's  Sailing, 
^'y*   I  N.  45^  19'  E.  Dift.  940  Miles,  by  Middle  Lat.  Sailing, 
^ejt.  2d.  A  Ship  in  Lat.  37"*  0'  N.   and  Longitude  48"*  20/  W. 
fells  between  the  N.  and  E.  until  (he  is  in  the  Latitude  of  51®  18' N, 
and  finds  Ihe  has  made  564  Miles  of  Dep.     Required  her  direct 
Courfe,  and  Diftance  run,  and  Longitude  in  ? 

{N.  33°  19' E.  Dift.  1027  Miles,  Lon.  in  35*^  14'  W.  by 
Middle  La»titude  Sailing. 
N.  330 19' E.  Dift.  1027  Miles.  Lon.  in  35°  08',  by  Mer- 
cator's Sailing. 
^e/i.  3d,  A  Ship  from  the  Lat,  of  50*=^  30' N.  fails  S.  S.  W, 
i5oLfcagues,  what  Lat.  is  flie  in,  and  hew  much  has  flie  differed  her 
J^ongitude  ? 

{Lat.  in  43^  34' N.   Diff.  of  Long.  253.3  Miles,  by  Mer-r 
cator's  Sailing. 
Lat.  in  43^  34<N.  Diff.  of  Long.  252.6  Miles,  by  Middle 
Latitude  Sailing, 
^e/i.  4th,  A  Ship  from  Latitude  20**  40' N.  fails  N,  E,  by  E. 
until  Ihe  be  in  the  Latitude  of  %y^  16'  N.     Required  her  Dift.  run, 
and  Difference  of  Longitude  ? 

{Dift.  run  712.8  Miles,   Diff.  of  Long.  648.1  Miles,  by 
Mercator. 
Dift.  run  712.8  MileSj^  Diff,  of  Long.  648.6  Miles,   by 
Middle  Latit^d^,  ^  ' 


Jnf.i, 
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^e/l.  5th.  Suppofe  a  Ship  from  the  Latitude  of  45**  40'N.  faQs 
between  the  S.  and  E»  600  Miles,  and  then  her  Departure  is  cooi- 
puted  to  be  308  Miles.  Required  the  Courfe,  Lat.  and  DifF.  of  Lon. 
f  Courfe  S.  30*^53'  E.  1-at  in  37"*  5'N,  DifF.  of  Long.  411.5, 
by  Mergator. 
Courfe  S.  30*'  53'  E.  Lat.  in  37®  5  N.  Diff.  of  Lon,  410.4, 
L     by  Middle  Latitude. 

^eji.  6th.  A  Ship  from  the  Latitudes  of  45''  30'  S.  (ails  N.  N. 
W.  until  her  Difference  of  Longitude  be  7  40'.  Required  the 
Latitude  (be  is  iq^  and  her  Diftance  failed  ? 

Note.  This  muft  be  worked  by  Mercator's  Sailing,  thus  : 

As  Tang.  Courfe  22°  30'  :  Radius  or  90^  ::  the  Difference  of 
Longitude  :  ta  the  Mer.  DiiF.  of  Latitude  I  no  Miles.  Now,  front 
the  Meridian  Parts  of  the  Lat.  left  3072,  take  the  Meridian  Diff, 
of  Latitude  mo,  the  Remainder  1962  is  the  Meridian  Parts  of  the 
Latitude,  come  to  31*  4.' S.  having  the  Courfe  and  Proper  Difie- 
rence  of  Latitude,  the  reft  is  found  by  Cafe  H.  in  Plane  Sailing. 
M  ^  CThc  Ship  is  in  Latitude  31®  4'  S.  Diflance  937.4 
^*   t      Miles. 

^e/l.  7th.  A  Ship  in  Latitude  51*  15'  N.  and  Longitude  22®  W. 
fails  between  the  S.  and  W.  until  fhe  has  made  564  Miles  of  De-« 
parture,  and  786  Miles  of  Difference  of  Longitude.  Required  her 
Courfe,  Diflance  and  Latitude  and  Long,  in  ? 

Note.  This  mufl  be  worked  by  Middle  Latitude  Sailing,  as 
thus : 

As  Diff.  of  Lat.  786  :  Radius  ::  the  Departure  564  :  Co-Sinc  of 
Middle  Latitude  44^9',  +44**  9' =  88°  18'  the  Sum  Lati  and 
88°  18'  — 51°  15'  =  Lat.  left  37°  3'N.  Having  the  Difference  of 
Latitude  and  Departure,  the  Courfe  is  found  to  be  S.  33**  30*  W* 
and  the  Diflance  1021,7  Miles. 

It  may  now  be  fupppfed  that  the  Learner  is  capable  of  working 
any  finele  Courfe,  either  by  Middle  Latitude  or  Mercator's  Sailing, 
we  (hail  now  proceed  to  compound  Courfcs,  commonly  called  Tra- 
verfe  Sailing,  which  may  be  worked  by  Middle  Latitude  and  Mer- 
cator's Sailing  j  either  by  Projeftion,  Calculation,  Gunter's  Scalei^ 
or  Infpeclion. 

How  to  folve  compound  Courfes  or  a  Traverfc,  has  already  been 
ihewn  in  Plane  Sailing  ;  but  it  is  neceffary  alfo  to  (how,  how  proper 
Allowances  for  the  Longitude  (hould  be  introduced  into  fuch  Ac- 
counts, which  is  eafily  done  by  any  of  the  following  Methods. 

ifl.  Complete  the  Traverfe  Table  to  each  Courfe  and  Diftance  as 
in  Plane  Sailing,  and  find  the  whole  Difference  of  Latitude,  Depar- 
ture and  Latitude  in. 

2d.  With  the  whole  Difference  of  Latitude  and  Departure,  find 
the  direft  Courfe  and  Diftance. 

3d.  With  the  Latitude  left  and  Latitude  in,  find  the  Complement 
pf  the  Middle  Latitude ;  with  which,  and  the  Departure,  nnd  the 
Pifference  pf  Longitude,  by  Middle  Latitude  Sailing. 

Or, 
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Or,  with  the  Courfe  'and  Meridional  Difference  of  Latitude,  find 
the  DifFercnce  of  Longitude  by  Mercator's  Sailing. 

Thefe  Methods  arc  generally  ufedin  working  a  Day's-Work  at 
Sea,  but  thofe  that  want  a  greater  Degree  of  Accuracy,  may  work 
by  the  following  Methods,  efpecially  in  high  Latitudes, 

By  the  fcveral  Differences  of  Latitudes  and  Departures,  found  in 
the  Tables  of  Difference  of  Latitude  and  Departure,  find  the  Lati- 
tudes come  to.  Middle  Latitudes,  and  Complements  of  Middle  La- 
titudes:  With  each  Complement  of  Middle  Latitude  and  corref- 
ponding  Departure,  find  the  Difference  of  Longitude  to  each  Courfe 
and  Diftance,  and  fet  them  down  In  the  two  additional  Columns 
marked  Difference  of  Longitude,  Eaft  and  Weft,  according  to  the 
Departure  ufed  ;  add  up  the  Eaft  ^nd  Weft  Columns,  and  theit 
Difference  will  be  the  whole  Difference  of  Longitude,  by  Middle 
Latitude  Sailing. 

But  if  you  work  by  Mercator's  Sailing,  find  the  Meridiopal  Dif- 
ference of  Latitude  for  each  Courfe  and  JDiftance  ;  with  each  Courfe 
and  Meridional  Difference  of  Latitude,  find  the  Difference  of  Lon- 
gitude ;  which  fet  down  as  above  direded,  and  the  Difference  be- 
tween the  Eaft  and  Weft  Columns,  will  be  the  Difference  of  Lon- 
gitude by  Mercator's  Sailing.  By  this  Method  the  Ship's  Place  may 
be  found  at  the  End  of  each  Courfe  and  Diftance  run,  and  pricked  off 
pn  a  Mercator's  Chart.  t' 

E    X    A    M    P    L    E      L    '  i 

Suppofe  a  Ship  from  the  Land's  End  in  Latitude  50**  6'  N» 
and  Longitude  5°  55'  W,  is  bound  to  the  Ifland  of  St.  Mary's  in 
Latitude  37°  c'N.  and  Longitude  25°  6'  W.  but  by  Reafon  of  con- 
trary Winds  is  obliged  to  fteer  the  following  Courfes  ;  viz.  S.  by  W. 
24  Miles  W.  S.  W.  32  N.  W.  f  W,  41,  S.  S.  E.  f  E  49,  E.  N; ' 
E.  I  E:  19,  W.  2f,  N.  E.  f  E.  36,  S.  41,  S.  S.  W.  92,  and  N. 
36  Miles.  And  it  be  required  the  Latitude  and  Longitude  (he  is  in^ 
with  the  direft  Courfe  and  Diftance  to  her  intended  Port  ? 

With  the  feveral  Courfes  and  Diftances,  find  their  Differences  of 
•J^atitude  and  Departure,  and  fet  them  down  as  in  the  following 


TRAVERSE 
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Ill 


Courfes.  Dill 

DifF.  of  Lat. 

Departure- 

N. 

S. 

E. 

r    W. 

S.  by  W. 

24 

23>5 

4.7 

W.  S.  W. 

V- 

12,2 

29,6 

N.  W.  i  W. 

4' 

26,0 

3«.7 

S.S.E.  IE. 

4<) 

44.3 

21,0 

E.N.  E.  JE. 

19 

04,6 

18,4 

Weft. 

2i 

2t,0 

N.E.  |E.  ' 

3t 

22,8 

27,8 

South. 

4' 

41,0 

S.  S.  W: 

92 

85,0 

35.2 

North. 

36 

36>o 

206,0 

67,2 

122,2 

89,4 

- 

67,2 

Dif.  Lat. . 

S.  116,6 

Dep. 

55>o 

It  is  plain  by  the  Traverfe  Table,   that  the  Ship  has  made  116.6 
Miles  of  Southing  and  55  Miles  of  Southing,   and    5-5  Miles  of 

Wefting. 

50°   6'         Meridian  Parts         3+84 
=      I  57 


Now  from  Latitude  left 
Take  Diff*.  of  Lat.  117 


Lat.  in 

Sum  Latitudes 

Middle  Latitude 


48  09 N. 
2)98  IS 


330s 


49     7 


Meridian  Difference    1 79 


Whence  to  find  the  Difference  of  Longitude  it  will  be, 

By  Middle  Latitude  Sailing.  By  Mercator*s  Sailing. 

As  Co-fi.  Mi^.  Lat.  49**  7'  9.81592  As  P.  DifF.  of  Lat.  1 16.6  2.06670 
Is  to  the  Departure  55  1.74036  Is  to  the  Departure  55  1,74056 
"^    '    ^   "  9o<''    loooooo    So  is  Met.  Dif,  Lat.  179     2.25285 


So  is  Radius 


'  11.74036 
9.S1592 


3-99321 
2.06670 


To  DifF.  Lon.  84  as  i<>24'  1.92444    To  Dif.  Lon.  84,4=1^  24'  1.926^1 
Long,  lefte  5  55  Long,  left  5    55 


Long.  \fk 


7  i9byM.Lat,    Long,  in 


7  19  by  Mer. 
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By    I  N  S  P  E  C  T  I  O  N* 

Taking  the  Complement  of  Middle  Latitude  41**  as  a  Courfe,  and 
the  Departure  55  in  its  Column,  the  neareft  is  55.1,  againft  which 
ftands  84  in  the  Diftance  Column,  the  Difference  of  Longitude  by 
Middle  Latitude  Sailing.     And 

With  the  Proper  Difference  of  Latitude  and  Departure^  the  Courfc 
found  nearly  25%  and  Diflance  129  under  the  Courfe  ^  in  the  Lati^ 
tude  Column  look  for  the  Meridian  Difference  of  Latitude  179.  the 
neareft  is  180.4,  againft  this  ftands  84.1  in  the  Departure  Column, 
which  is  the  Difference  of  Longitude  by  Mercator's  Sailing. 

To  find  the  direft  Courfe  and  Diftanc^to  St.  Mary's. 

Lat.*^ofShip  48*^9'  N.  Mcrid.  Pts.  3305  Lon.  of  Ship        7^  ig'  W. 

Lon.  St.  Mary's  37  o  N.  Merid.Pts.  2393  Lon,  St,  Mary's  25      6  W. 

Diff.  II  9=669  Ms,  Diff.   9i2Diff.  of  Long.  17    47=1067 

Sum  Lat.         2)85  9 


Mid.Lat.         42  34 

By  Middle  Latitude  Sailing. 

As  the  Diff.  of  Lat.      669  2.82543  As  Co-fi.  Courfe      49*^3$'  9-81328 

Is  to  Diff.  of  Lon.       1067  3.028 16  Is  to  Prop.  Dif.  of  Lat.  669  2.82543 

Sois Co-fi.  Mid.  Lat.  42°  30  9. 1 67 1 7  So  is  Radius              90^  i aooooo 

12.89588  12.82543 

2.82543  9.81328 


To  Tang.  Courfe  49'*35'  10.06990  To  the  Dift.          1028  3.01215 

By  Mercator's  Sailing. 

A8Merid.Dif.of  Lat.  912  2.95999  As  Radius                 90^  10.00000 

Is  to  Radius                 90*^  10.00000  Is  to  P.  Diff.  of  Lat.  669  2.82543 

So  is  Diff.  of  Long.    1 067  3 .028 1 6^  So  is  Secant  Courfe  49^  29'  i  o.  1 873 1 

13.02816  13.01274 

2.95999  10.00000 


ToTan.Coorfe49®29'      10.06817    To  the  Diftance  1030  3.01274 

Hence  the  direft  Cou.  from  the  Ship  to  St.  Mary's  is  S.  49"*  35' W. 
and  Diftance  1028  Miles  by  Middle  Latitude  Sailing ;  and  S,  49®  29* 
W.  and  Diftance  1030  Miles  by  Mercator's  Sailing.  The  lame  may 
be  found 

By  Inspection    in  the  Tables. 

Take  J  of  the  Diff.  of  1067,  viz.  267  nearly,  and  look  for  that  in 
the  Dift.  Column  over  the  Complement  of  Middle  47**  nearly,  and  in 
the  Departure  Column  ftands  195*3  ^  of  the  Departure.. 

Then 
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"3 


Then  look  for  j  167.2^  and  J  of  Departure  igS-Si  until  they 
are  found  ftanding  together  in  their  refpedtiv©  Columns,  the  nearen 
are  found  over  ^g^  and  50%  viz.  195.5,  169.9,  ^"^  *9S-3>  ^^j.g ; 
the  Diftances  correfponding  to  thcfe  are  259  and  255,  their  Sum  is 
514,  half  is  257,  this  multiplied  by  4i  gives  102J8  Miles.  Hence  the 
Courfe  is  Si  49"*  jo'  W.  Dift.  lOiS  iMiles,  by  Mid.  Lat.  Sailing. 

Again,  taking  ^  of  the  Meridional  Difference,  and  -^  of  the  Diff. 
of  Longitude,  viz.  gi,l  and  106.7^  the  neareft  Numbers  to  thefe  aite 
106.4,  92.5,  and  106.5  ;  89.4  ttaSidihg  over  49**  and  50**  in  the  L:t- 
titude  Columns,  belonging  to  the  above  Degrees  j  look  for  ^^^  of  tife 
Proper  Difference  of  Latitude,  viz.  66.9,  theneai'eft  ii  66.9  aiid  6%*.8, 
the  Diftances  to  thefe  are  102  and  104,  their  Sum  is  206,  half  is 
103,  which  being  multiplied  by  lOj  gives  1030  Miles. 

Hertce  the  Courie  is  S.  49**  30^  W.  and  Diftance  1030  Miles  by 
Mercator*s  Sailing,  the  feme  as  by  Calculation. 

Here  to  have  gone  to  Geometrical  Striftnefs,  the  Difference  of 
Longitude  fliould  have  been  found  to  every  Courfe  and  Diftance  run, 
by  Middle  Latitude  or  Mercator's  Sailing,  which  would  have 
given  the  Ship's  true'  Plkre  at  the  End  of  each  Courfe  and  Dift.  but 
Siall  leave  the  doing  of  that  to  the  Reader  j  and  as  all  Traverfes  are 
worked  in  the  Manner  (ho^n  above,   u^ich  ii  fuiEcientiy  exa(^  for 


a  Ship's  Run  in  24  Hours;,  I  fbdll  therefore  only  add  a  few  Quef- 
tions  for  the  Learner's  Exefcife. 

Suppofe  a  Ship  from  the  Latitude  68^  38'  N.  and  Longitude 
8**  40'  E.  is  bound  to  the  North  Cipe  in  71®  10' N.  arid  Longitude 
26®  3'  E.  fails  as  in  the  following  Table.  Required  the  Latitude 
and  Lon.  flie  is  in,  and  her  diredl  Courfe  and  Diftance  to  the  Cape  ? 


[  Diff.  oil  Lon.  r 

Coerfcs, 

D. 

N- 

S. 

E. 

w. 

Lat.  in 

E. 

W. 

68     38 

N,  E,  by  N. 

&3 

9Z.4 

3S.O 

69    30 

97,2 

RE. 

5S 

z6,9 

i6,g 

6g    57 

78,0 

N-  N.  E. 

^^ 

?**7 

ii,4 

70    49 

64,2 

North. 

50 

50.0 

71     19 

RW/byN. 

2^ 

io,8 

13.9 

71     40 

44.' 

N.N.W^W. 

3^ 

5'*7 

17,0 

72      12 

SS'O 

N.  by  E. 

^0 

^9.2 

7.8 

72      JI 

26,0 

N-E.byEiE 

7^ 

33  »9 

63.S 

73    *J 

219.4 

S.  E. 

,-0 

350 

3S.3 

72    s° 

120,6 

E^N.Ep 

6S 

24.9 

60,0 

13    li 

107,9 

31'.? 

3S>) 

*49.9 

39.0 

8J3.3 

99.'    , 

Diff.ofLat, 

3>.3 

DcEi, 

39.0 

DifT.Lon. 

99'' 

E. 

a?^*^ 

.*'9*». 

714*1 

la 
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In  forking  the  above,  the  DifF.  of  Long,  is  found  ^by  the  Courfe 
ftnd  Meridional  Differ,  between  each  Parallel  of  Latitude,  or,  it  may 
be  done  by  taking  tht  Complements  of  each  Middle  Latitude,  and 
the  Departures  for  each  Courfe. 

Now  the  Lat.  left,  was  68**  38'  N.  Long.  8  40  E. 

The  Diff.  of  Lat.  276  Ms.  ==    4  36  N.  Dif.ofLon.7i4M=:ii  54  £• 

Iat«in  73  14        Lon.  in  20  34  E. 

Lat.  of  N.  Cape  71  10        Lon.  of  Cape  -26    3E. 

The  M.  Dif.  of  Lat.  is  406  Ms.  2    4=  1 24  Ms.  Dif.  of  Lon.     5  29=329 

With  the  Meridional  Diff.  of  Lat.  406,  and  Difference  of  Lone;. 
329,  the  Courfe  between  the  Ship  and  the  Cape  is  S.  39*  I'E.  Dift. 
160  Miles  by  Mercator,  and  S.  39**  3'  E.  Dift.  I59.7>  by  Mid.  Lat. 
Sailing. 

By    I  N  S  P  E  C  T  I  O  N. 

With  f  of  Diff.  of  Lat.  276,  and  -^  of  Departure  219,  viz.  92  and 
73,  the  Courfe  made  good  is  38®  30',  and  Diftance  354  Miles. 

And,  with  ^  of  Merid.  Diff.  of  Lat.  849,  and  the  Courfe  38®  30, 
the  Difference  of  Longitude  is  676,  by  Mercator's  Sailing. 

And,  with  the  Comp.  of  Mid.  Lat.  19.2,  and  the  Departure  2191 
the  Diff.  of  Long,  is  675  nearly,  by  Middle  Latitude  Sailing  ;  dif- 
fering from  that  above  38  Miles  by  Mercator,  and  39  Miles  by 
Middle  Latitude  failing. 

But  as  Ships  never  run  fuch  Diftances  in  24  Hours,  the  firft 
Method  of  finding  the  Difference  of  Longitude  will  be  fufficiently 
cxad  for  any  Day's  Run. 

The  Bearing  and  Dift.  to  the  North  Cape  mavbe  either  found  by 
Mid.  Lat.  or  Mercator,  by  Infpeftion,  which  will  be  nearly  as  above. 

A  Ship  from  the  Liaard  in  Latitude  49**  57'  N.  ^nd  Longitude 
50  14/  W.  is  bound  to  Funchal  in  Madeira,  in  Latitude  32**  38'  N. 
and  Longitude  17**  5'  W.  fteers  the  following  Courfes,  S;  S.  W, 
250  Miles,  W.  156,  S.  E.  by  S.  300,  W.  by  N.  180,  and  S.  185 
Miles.  Required  the  Latitude  and  Longitude  fhe  is  in,  and  her 
dire£t  Courfe  and  Diftance  to  the  intended  Port  ? 

By  finding  the  Difference  of  Longitude  for  each  Courfe  by  Cal- 
culation, the  Ship  is  in  Latitude  39**  27'  N.  and  Longitude  u^  28' 
W.  by  Mercator's  Sailing,  but  by  working  by  the  whole  Difference 
of  Latitude  and  Departure,  the  Longitude  in  will  be  11°  23'  W. 

The  Courfe  from  the  Ship  to  Funchal,  is  S.  33^  15'  W,  Dif- 
tance 489  Miles,  by  Mercator's  Sailing. 

And  S.  33^  19'  W.  Diftance  489.4  Miles,  by  Middle  Latitude 
Sailing. 

...  A  Ship  froto  Latitude. 38^  14' N.  and  Longitude  25"*  56'  W.  runs 
iht  following  Courfes  and  Diftances,  via&.  N.  E.  by  N.  J  E.  56 

Miles, 


I 


Faj^A^BS 


I,^.ftii[)i. 
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Uik^  N.  N.  W.  38,  N.  W.  by  W.  46,  S.  S.  E.  30,  8.  by  W. 
5iOi  and  Nfc  E.  by  N.  60  Miles*  Required  the  dired  Courfe  and 
Diftance  made  good)  and  the  Latitude  and  Longitude  jQie  is  jn  ? 

The  Courfe  is  N.  by  E.  Diftance  11 1  Miles,  Lat.  in  49*  2'  N« 
Long,  in  25*  28'  W. 

Suppofe  a  Ship  in  Latitude  67"  30'  N.  and  Longitude.  8*  46'  W» 
fails  the  following  Courfes,  N.  E.  64  Miles,  N.  N.  E.  50,  N.  Wi 
by  N.  58,  W.  N.  W.  72,  W.  48,  S.  S.  W.  38,  S.  by  £.  45,  and 
£.  S.  £.  40  MileSk     What  Latitude  and  Longitude  is  ihe  in  ? 

By  working  by  the  whole  Difference  of  Latitude  and  Departure, 
the  Ship  is  in  Lat.  68*  43' N.  and  Longitude  ii*  3' W.     But 

By  finding  the  Difference  of  Longitude  for  each  Courfe  and  Dif* 
t^ce,  ihe  is  in  Longitude  11®  37' W.  by  Middle  Latitude  Sailing, 
and  II®  43' W.  byMercator's  Sailing. 

Having  gone  through  thenecefTary  Problems  in  Mercator's  Sailing, 
we  (hall  now  proceed  to  ihew  how  the  true  Chart,  commonly  cal- 
led Mercator's  Chart,  may  be  conftrudled  cither  for  the  Whole,  of 
any  Part  of  the  Terraqueous  Globe. 

PfTfen  a  Chart  is  to  cwnmence  from  the  Epator^  'or  if  the  Equator  is  tk 

run  through  it^ 

Having  provided  a  Scale  of  convenient  length,  drawa  Line  to^e* 
prefent  the  Equator,  and  crofling  that  at  Right  Angles,  another  to 
reprefent  the  Meridian  of  fome  known  Place,  fuch  as  I*ondon,  Pa- 
ris, the  Lizard,  or  arty  other  Place  whofe  Longitude  is  known  ^ 
the  upper  End  of  which  will  reprefent  the  North,  and  the  lower  the 
South. 

From  the  Scale  take  60  in  your  CompafTes,  and  with  one  Foot 
upon  the  Meridian,  fet  off  that  Diftance  on  both  Sides  of  it  upon 
the  Equator,  if  the  Chart  is  to  contain  Eall  and  Weft  Longitude  4 
but,  if  it  is  only  to  contain  Eaft  or  Weft  Longitude,  lay  it  pfF  upon 
that  Side  of  the  Meridian  the  Cafe  requires  :  that  is,  if  the  Longi- 
tude is  to  be  Weftward,  lay  it  oiF  on  the  left  Hand  Side  of  the  Me- 
ridian ;  but  if  Eafterly,  the  right  Hand  Side. 

Again,  take  2  Degrees  or  120  Miles  in  your  Compades,  and  fet 
it  off  from  the  Meridian,  in  the  fame  Manner  as  before,  or,  with 
60  Miles  in  die  Compafles,  turn  over  from  the  Meridian,  and  that 
will  point  out  the  Degrees  of  Longitude,  which  may  be  divided  into 
Halves,  Quarters,  or  Minutes,  if  required* 

Having  fet  off  as  many  Degrees  of  Longitude  as  you  intend  the 
Chart  ihould  contain,  through  the  laft  draw  a  Line,  (or  Lines)  pa- 
rallel to  the  Meridian,  which  wiU  be  the  Bounds  of  the  Chart  Eaft 
and  Weft. 

Having  divided  the  Equator  as  above,  proceed  to  fet  off  upon  the 
two  extreme  Meridians  from  the  Equator,  the  Meridional  Parts 
(as  found  in  the  Table)  belonging  to  each  Degree  of  Latitude  j 
that  is,  take  from  the  Scale  in  CompaiTes  the  Miles  aiifwering 
to  one  Degree  in  the  Table,  and  with  ime.Foot  in  the  £qua* 
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tor,  fet  ofF  that  Diftance  on  each  Side  of  it  upon  the  extreme 
IV^eridians,  if  the  Chart  is  to  contain  North  an4  South  Laititude  $ 
but  ifonly  North  or  Souths  upon  one  Side  of  the  Equator* 

Again,  tak^i  the  Meridional  Farts  anfwering  to  2  Degrees  and  3  De^ 
grecs,  &c.  in  your  Compafles,  and  fet  them  oflF  upon  the  Meridian 
from  the  Equator,  as  before* 

In  like  manner  proceed  to  fet  off  as  many  Degrees  as  you  intend 
the  Chart  fhould  contain ;  or,  which  will  be  the  fame  Thing,  take 
the  Meridional  Difference  of  Latitude  between  any  two  Parallels, 
:^d  fet  them  off  feverally  fri)m  the  lead  Latitude. 

Lay  a  Ruler  oil  each  of  thefe  Divifions,  and  draw  Lines  parallel 
to  the  Equator,  ajud  they  will  be  the  Parallels  of  Latitude  5  each  of 
^hich  will  be  enlarged  towards  the  Poles,  in  Proportion  as  the  De- 
grees of  Longitude  are. 

Parallel  to  the  Meridian,  draw  Lines  through  the  Points,  cxpref- 
fing  the  Degrees  of  Longitude,  to  cut  the  Parallels  of  Latitude^ 
vyhich  bound  the  Chart  North  and  South. 

The  Parallels  of  Latitude  may  alfo  be  divided  into  Halves,  Quar- 
ters, or  Minutes,  by  taking  the  Meridional  Parts  for  Degrees  and 
Minutes,  and  fetting  them  off  as  before. 

Draw  double  Lines  on  the  Borders  of  the  Chart,  and  mark  out 
the  Degrees  of  Latitude  and  Lorigitude ;  and,  in  fome  convenient 
Place,  draw  the  Compafs.  In  like  Manner  mav  a  Chart  be  made 
tiiat  fliall  contain  any  Number  of  Degrees  ana  Minutes  rjsquired,. 
When  the  Chart  is  not  to  commence  from  the  Equator,  'but  is  only 
to  ferve  from  a  certain  Diftance  on  the  Meridian,  between  two  Paral-. 
lels  on  the  fame  Side  of  the  Equator,  then  the  Meridians  are  to  be 
drawn  as  before ;  and  for  the  Parallels  of  Latitude  you  are  to  pro- 
ceed thus : 

From  the  Meridional  Parts  anfwering  to  each  Point  of  Latitdde 
in  your  Chart,  fubtraft  the  Meridional  Parts  anfwering  to  the  leaft 
Latitude,  and  fet  off  the  Difference  feverally  from  the  Parallels  of 
the  Icaft  Latitude  upon  the  two  extreme  Meridians,  and  the  Lines 
joining  thcfe  Poins  of  the  Meridian  will,  reprefcnt  the  feveral  Pa- 
rallels upon  the  Chart, 

Let  it  be  required  to  draw  a  Chart  that  fhall  ferve  from  the  Lati- 
tude of  14  Degrees  North,  to  52  Degrees  North,  and  that  fliall  con- 
tain I  Degree  Eaft,  and  26  Degrees  of  Loiigitude  Weft  of  the  Me- 
ridian of  London. — See  the  Chart. 

Draw  a  Line  to  reprefent  the  Meridian  of  London,  from  which  fet 
off  60  Miles  towards  the  Right  Hand,  for  1  Degree  of  Longi-. 
tyde,  and  on  the  other  Side  towards  the  left  Hand  fet  off  26 
Degrees  of  Weft  Longitude,  as  Before  directed :  through  the  two 
laft  Points  draw  Lines  parallel  to  the  Meridian  of  Loinlon,  and 
thefe  will  be  the  extreme  Meridians^  or  Eaft  and  Weft.  Bounds,  of 
your  Chart. 

Having  drawn  the  two  Meridians  on  the  lower  Edge  pf  the  Pa- 
per, draw  a  Line  perpendicular  to  the  Meridians,  to  reprefent  the 
i^rallcl  of  14  Degrees  Noiciij   then  from  the  Meridional   Part 

4  anfwering 
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anrwering  to  15  Degrees  910,  fubtraft  the  Meridional  Parts  9Xk* 
iwering  to  14  Degrees  848!,  and  take  die  Difference  62  in  your 
CompaiTes,  and  fet  it  oflF  from  the  Parallel  on  both  the  Meridiam 
from  you,  and  that  will  reprefent  the  Parallel  of  15  Degrees. 

Again,  take  the  Meridional  Parts  of  15  Decrees  910,  from  the 
Meridional  Parts  of  16  Degrees  973,  and  fet  off  the  Diflference  63^ 
upon  the  Meridians  from  the  point  reprefehtin^  the  Parallel  of  15 
Degrees,  and  that  will  reprefent  the  Parallel  of  10  Degrees*  In  lika 
Manner  proceed  to  fet  off  the  Parallels  upon  the  Meridians. 

Or,  if  the  Meridional  Parts  of  14  Degrees  be  fubtraAed  from  the 
Meridional  Parts  of  every  fu«ceeding  Parallel,  and  the  Difference 
be  fet  off  from  the  Parallel  of  14  Degrees  upon  the  Meridians,  thcfe 
Points  wiU  reprefent  the  feveral  enlarged  Parallels  of  Latitude,  die 
fame  as  before ;  and,  if  it  is  required  that  the  Meridians  Ibould  bedi« 
vided  into  Degrees  and  Meridians,  the  Meridional  Parts  for  fuch  mtifr 
be  taken  from  the  Table,  and  fet  off  as  above.  • 

Having  fet  off  as  many  Parallels  as  you  intend  the  Chart  fhonU 
contain,  through  each  Point  draw  Parallels,  or  if  you  think  drawl- 
ing Lines  through  every  Degree  will  croud  your  Chart  too  much, 
you  may  divide  the  Borders  only  into  fingle  Degrees,  &c.  and  draw 
Lines  through  every  5  Degrees  of  Latitude  and  Longitude,  as  ia  the 
Chart* 

Take  from  the  Table  of  Latitude  and  Longitude  of  Places,,  tbe 
Latitude  and  Longitude  of  each  particular  Place  contained  within 
the  Bounds  of  the  Chart,  and  lay  a  Ruler  over  its  Latitude,  aadr 
another,  croifing '  that,  over  its  Longitude,  the  Point  where  thele 
GFofs  will  reprefent  the  propofed  Place  upon  the  Chart.  In  lilce 
Manner  may  any  Place  be  readily  marked.  Hence,  the  particular 
Points  of  a  oea  L)oafi:  being  laid  down  as  above,  and  Lines^ropedjr 
drawn  from  Point  to  Point,  will  form  the  Out-lines  of  the  Sesa 
Coafts,  lilands,  &c.  to  which  may  be  annexed,  the  Depths  of  Wa^ 
ter,  Setting  of  Currents,  and  whatever  elfc  may  be  thought  conve- 
nient for  the  Chart  to  contain. 

This  Map  or  Chart  is  not  to  be  confidered  as  a  juftor  fimilarRe- 
prefentation  of  the  Earth's  Surface,  for  in  it  the  Figures  of  Iflands 
and  Countries  are  diftorted  near  the  Poles.     For, 

Suppofe  an  Ifland  in  the  Latitude  60  N.  or  S,  where  the  Breadtk 
of  a  begree  of  Longitude  is  juft  half  as  large  as  a  Degree  upon  the 
Equator.  Now  as  the  Degrees  of  Latitude  are  enlarged  in  Propor- 
tion as  the  Degrees  or  Longitude  are  expanded  towards  the  Poles,  it 
15  plain,  that  every  Point  of  that  Ifland  or  Country,  being  laid  down 
in  its  proper  Latitude  and  Longitude,  will  be  reprefented  twice  as 
large  as  it  really  is. 

Hence  it  follows,  that  as  the  Degrees  of  Latitude  are  every  wh?re 
increafed  like  thofe  of  Longitude,  it  is  plain  the  Bearings  between 
Places  will  be  the  fame  on  this  Chart  as  on  the  Globe  ;  and  the  Pro- 
portions between  the  Latitude  and  Longitudes  and  Nautical  Dif- 
Jances,  will  be  the  fame  upon  this  Chart  as  upon  the  Globe. 

And  fmce  the  Meridians  in  this  Projc^SHon  are  Right-Lines,  it  fol- 
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lowS)  that  the  Rhumbs  which  form  equal  Angles  with  the  Mcri* 
dians  will  be  ftrait  Lines,  which  renders  this  Projedion  of  thd 
Xarth*8  Surface  much  more  cafy  and  proper  for  the  Mariner's  Ufe^ 
than  any  other. 

Gunter's  Scales  have<irawn  upon  them  2  Lines^  one  marked  N  M^ 
£gnifying  the  Nautical  Meridian ;  and  the  other  diredly  under  it 
marked  £  P.  fignifying  equal  Parts  or  Degrees  of  Longitude  upon 
a  Mercator's  Charts 

Thofe  are  Equal  Parts  or  Degrees  of  Longitude,  to  which  thtf 
Degrees  of  the  Nautical  Meridian  are  fitted,  by  increafmg  them  in 
their  true  Proportion;  hence  the  Limits  or  Bounds  of  a  Merca  tor's 
Chart  by  thefe  Lines  are  eafily  made,  by  transferring  the  Divifiona 
correfponding  to  the  Degrees  to  be  ufed,  from  the  Scale  to  the  Paper 
the  Chart  is  to  be  drawn  upon  :  but  as  the  Degrees  drawn  by  thefe 
Lines  are  too  fmall  for  the  Seaman's  Ufe,  it  is  much  better  to  ufe  a 
Scale  of  •qual  Parts  as  before,  and  confequently  the  Degrees  may 
be  made  of  any  propofed  Length. 

By  the  Latitude  and  Longitude  in^  to  prick  off  the  Ship  on  the  Chart* 
RuL£4  Lay  the  Ruler  acrofs  the  Chart  in  the  Latitude  your  Ship 
is  in,  then  look  upon  the  Equator,  or  Line  marked  with  the  Degreed 
of  Longitude,  for  the  Longitude  your  Ship  is  in  by  your  Reckonings 
and  fetting  one  Foot  of  your  Compaffes  in  that  Longitude,  take  the 
neareft  Diftance  to  fome  North  and  South  Line,  and  from  whera 
that  Line  croffes  the  Edge  of  the  Ruler  that  lies  in  the  given  Lati- 
tude ;  lay  off  that  fame  JDiftance  along  the  Edge  of  the  Ruler  to  the 
tight  Hand,  if  the  Longitude  you  are  in  was  to  the  right  Hand  of 
the  North  and  South  Line,  or  to»the  left  Hand,  if  it  was  to  the  left 
Hand  ;  where  this  tails  will  be  the  place  of  the  ^hip  :  But  this  will 
only  do  when  the  Longitude  marked  on  the  Chart,  and  your  reckon* 
ing  of  Longitude  in,  are  both  counted  from  the  fame  Meridian* 
Therefore,  for  a  general  Rule,  take  the  following,  viz. 

By  the  Latitude  in  and  Longitude  made^  to  trick  off  the  Ship*s  Place*. 
Rule.  Set  one  Foot  of  your  Compafles  in  the  Place  you  take 
your  Departure  from,  and  tak«  the  neareft  Diftance  to  fome  North 
OiT  South  Line,  and  from  where  that  Line  falls  upon  the  Equa- 
tor, or  the  Line  marked  with  the  Degrees  of  Longitude,  fet  off 
that  Diftance  the  fame  Way  the  Place  lies  from  it ;  that  is,  to  the 
right  Hand,  if  the  Place  lies  to  the  right  Hand  of  the  North  and 
South  Line,  or  to  the  left  Hand,  if  it  lies  to  the  Weft ;  and  make 
a  Mark  with  a  Black  lead  Pencil  5  this  Mark  will  ferve  to  prick  off 
by,  till  you  come  to  take  anew  Departure  ;  and  then  rub  it  out,  and 
make  a  new  one  as  before. 

Then  lay  a  Ruler  acrofs  the  Chart  in  the  Latitude  you  are  in,  and 
taking  fo  many  Degrees  in  your  Compafles  from  the  Line  of  Longi^ 
tude,  as  your  Longitude  made  comes  to,  fct  them  oft^from  your  Black 
lead  Mark  along  the  Edge  of  the  Ruler  to  ihe  Eaftward ;  if  the  Lon* 
gitude  made  be  Eaft,  or  to  the  \^'eftward  if  it  be  Weft  j  where  this 

falU 


MERCATOR's    SAILING.         119 

fells  will  be  the  Longitude  the  Ship  is  in  by  the  Chart ;  from  which 
take  the  neareft  Diftance  to  fome  North  and  South  Line,  and  from 
where  that  Line,  &c.  as  in  the  firft  Cafe. 

The  Ship's  Place  on  the  Chart  being  found,  as  before  taught^  it 
remains  in  the  next  to  (hew  how  to  find  the  Bearing  and  Dift^ce  of 
any  Place  from  the  Ship  ;  and  firft. 

To  find  how  any  Place  bears  from  the  Ship. 
ReLE.  Lay  a  Ruler  from  the  Place  of  the  Ship  to  the  Place  yon  ' 
would  know  the  Bearing  of ;  then  fet  one  Foot  of  your  Compafles  in 
the  Centre  of  fome  Cbmpafs  near  the  Ruler,  and  take  the  neareft  Dif- 
tance to  the  Edge  of  the  Ruler  ;  then  run  one  Foot- of  your  Com- 
pafles along  by  the  Edge  of  the  Ruler,  and  obferving  what  Point  of 
the  Compafs  the  other  comes  neareft  to,  which  will  be  the  Bearing 
required. 

7 0  find  the  Di fiance  of  any  Place  from  the  Ship. 

C    A    S    E      I. 

If  the  Place  be  in  the  fame  Longitude  that  the  Ship  is  in,  that  is, 
if  it  bears  due  North  or  South,  then  the  Difference  of  Latitude  be- 
tween them  turned  into  Miles  or  Leagues,  will  be  the  Diftance. 

CASE      IL 

If  the  Place  be  in  the  fame  Latitude  the  Shi|i  is  in,  that  is,  if  it 
bears  due  Eaft  or  due  Weft,  then  take  Half  the  Diftance  between 
the  Ship  and  the  Place  in  your  Corapaffes ;  ai\d  fetting  one  Foot  ott 
the  Line  marked  with  the  Degrees  of  Latitude,  in  the  Latitude 
the  Ship  is  in,  fee  what  Latitudes  the  other  Foot  will  reach  to, 
both  above  and  below  it ;  the  Difference  between  thefe  two  Latitudes 
will  be  the  Diftance  required.  * 

CASE      III. 

When  they  are  neither  in  the  fame  Latitude  nor  in  the  fame  Longitude 

with  the  Ship. 

Rule.  Take  the  DifFerence  of  Latitude  between  both  Places  in 
your  Compafles  from  the  Equator,  or  graduated  Parallel ;  and  lay- 
ing a  Ruler  over  both  Places,  put  one  Foot  on  the  Ship's  Place,  and 
Aide  your  Compafles  along  the  Edge  of  the  Ruler  (holding  both 
Points  purallel  to  the  Meridian)  until  the  other  cuts  the  Parallel  of 
Latitude  paiBng  through  the  Place,  (or  E.  and  W.  Line  cut  by  the 
Ruler)  and  then  ftay  the  CompafTes.  Take  the  Diftarice  between 
where  the  Pobt  refted  by  the  Edge  of  the  Ruler  and  the  Place  (or 
where  the  Ruler  crofTed  the  aforefaid  Eaft  and  Weft  Line)  in  your 
CompafTes,  and  apply  it  to  the  Equator,  or  graduated  Parallel,  and 
that  will  give  their  Diftance  in  Degrees,  which  may  be  turned  into 
Miles  or  Leagues  -,  and  in  the  fame  Manner  as  you  find  the  Bearing 
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and  Diftance  between  the  Ship  and  any  Place^'  you  ihay  alfo  find  Ae 
Bearir^  and  Diftance  of  one  rlace  from  another ;  or  if  the  Diftance 
between  the  Ship  and  Place  be  taken  in  your  Compafies^  and  applied 
to  the  Side  of  the  Charts  or  graduated  Meridian,  nearly  in  the  Parallels 
<>f  the  Ship  and  Place,  will  give  the  Diftance  in  Degrees  as  before  ; 
and  for  this  Piirpofe  there  are  generally  marked  on  the  Sides  xf 
Charts  Scales  of  Leagues,  by  whidi  the  Diftances  between  the  Places 
nuy  be  readily  found* 

Or  the  Diftance  between  two  Places  upofi  a  Mercator's  Chart  may 
he  eafily  found  thus : 

Take  half  the  Diftance  between  any  two  Places,  and  with  one 
Foot  of  tlie  Compafles  in  the  Middle  Parallel,  extend  both  Wajrs  up^. 
on  the  graduated  Meridian  ;  count  the  Number  of  Degrees  between 
both  Points  which  will  be  yo^r  Diftance,  either  in  Leagues  or  Miles 
according  as  the  Scale  is  divided. 

EXAMPLE. 

Rejwrtd  the  Btaring  and  DiJIanct  hetwein  Cape  St.  Vincent  and 

Tencriff? 

Lay  a  Ruler  over  both  Places,  and  take  their  Difiference  of  Lati* 
fnde  8*  30',  from  the  Equator  or  graduated  Parallel,  in  your  Com- 
pafles; and  Aide  one.  Foot  along  the  Edge' of  the  Rider  from  Tene- 
riff,  holding  the  other  Point  in  the  Direaion  of  the  Line  C  B,  until 
Ae  other  Pdnt  juft  touches  the  Eaft  and  Weft  Line,  (A  B)  paffing 
through  St.  Vincent,  as  at  B,  from  C  where  the  Foot  of  the  Com-  . 
pafies  refted,  by  the  Edge  of  the  Ruler,  and  St.  Viilcent  being  mea« 
lured,  and  applied  to  the  graduated  Parallel|  giyes  10  a-third  De- 
grees, or  640  Miles  the  Diftance. 

A|;ain,  take  the  neareft  Diftance  between  the  Centre  of  the  Com^ 
pafii  m  your  Compares,  and  Aiding  them  along  the  Edge  of  the  Ruler 
as  before  direfted,  you  Will  find  the  Courfe  to  be  S.  W .  by  S.  |  W. 
nearly. 

Hence  the  direft  Courfe  between  Cape  St.  Vincent  and  TeneriiF  Is 
S.  W.  by  S.  i .  W.  Diftance  640  Miles,  or  213  i-third  Leagues  5 
and  the  fame  with  other  Places. 


OBLIQtJE 
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OBLIQUE    SAILING. 

WE  come  next  to  thcDoQjtlnt  of  Oblique  Triangles  applied  ta 
Problems  of  Sailing  ;  an  J  though  it  may  be  applicj  to  tb# 
iBcafuring  of  imcceffible  Objeds,  yet  wc  ftiall  confine  it  to  thoff 
Problems  which  are  more  immediately  necefTary  in  Navigation  ;  auA 
is  chiefly  ufeJ  in  taking  the  Maps  of  Harbours^  Sea^Coails,  he.  mm 
follows : 

CASE      L 

Coaftingalong  the  Shoroi  I  faw  a  Cape  of  Land^  which  bore  froiil 
me  N*  hf  E.  then  Iftood  away  W«  N,  W.  5Leagucs»  or  15  Miletj 
and  the  fame  bore  ftom  me  N,  £.  half  £.  I  demand  the  Diltaiice  Of 
Ihe  Ship  from  the  lalt  Station  to  the  Cape  ? 

By      PROJECTION, 

Having  drawn  theCompafs  N,  E,  S.  W.  let  A  reprefent  the  Place 
cf  the  Ship  in  her  ftrft  Station^  and  draw  the  W.  N-  W.  Line  A  Of 
cquai  to  15  Miles^  then  wiU  C  be  the  Place  of  the  Ship  in  her  fecond 
"I  Station. 

From  C,  draw  the  Lmt  C  B  parallel  to  the  N,  E-  half  E.  Line, 
fill  it  meets  the  N.  by  E*  Lio6  A  B,  in  B  ;  then  will  B  reprefent 
the  Cape  of  Lan  J,  and  C  B  the  Dift.  of  the  Ship  at  her  fccond  StEtbn. 

In  the  Triangle  ABC 
given  A  C  equal  to  j  5 
the      ngle  A  78*  45'  equal 
7  Points,  the  Diftance  between 
the  N,  by  E.  and  W,  N.  W, 
the  Angle  B  equal  to  39°  22' 
m  3 1  Point^i  the  Difiance  be- 
tween the  N.  by  E.  and  N.  E* 
f  E-  and  the  Angle  C  equal  10 
61°  sf  <^^  5  I  Points*  the  Dif- 
lance  between  the  W.  N.  W, 
andS.W.fW. 


are 

Miles, 
to 


Whence  to  find  the  DIElancc  C  B,  it  will  be. 
As  the  Sine  Angle  B  -        39*^  23' 

Is  to  the  Side  A  C  15  Milos 

Sois  Sine  Angle  A  ■■  78®  45' 


To  the  Kde  C  B  23.19,  to  the  Diftance  of  the  Ship  1 
from  the  Cape  ai  her  fccond  St^itioa  J 


9.80328 

1.1/ 609 
9,99157 

!!• 16706 

9,80228 

1.365^8 

CASfi 
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•     .C  ,  A  .  .S    E      IL   ,       ,      ,     ^ 

Coaftirig- along  ^the  Shore,  I  faiv  Wo  Hcaifends,  the  firft  bdre 
N.  N.  W.  the  fecond  N..  N...E.  I  Eafterlju  then  (landing  away  E^ 
by.N.  I  Northerly  16  Miles,  the  firft  bore  ft'ooi  me  W.  N.  W^^tllb 
Iccond  N.  W.  by  N.  -J  Wefterly.       '':/'.'  '  .      * 

,'  I  demand  the  Diftance  of  each  of  thefe'ftTead^tiftds  frdm  tha  iSrf^ 
Place,  as  alfo  tbieir  Bearing  and  Diftance  frottl' eachother ?    " 

Having  drawn  tlic 

Cjompafs  as  before, 

let  A  rcprefent  the 

Ship'aD  Her    fixft 

t%ace»  fropi  .whieh 

drawriicN,:N.VV., 

Une  A  D  and  the 

N.N.E.iE.LineA 

CandalfotheRbj^^ 

N-4N.LineAB, 

ybich  ipalce. equal 

to  1 6 Miles,  then. B 

will  reprefent    the 

Ship  at  l^r  fecond 

Place  iffpniBdr'Jt^* 

B  D  pai^ld  tt)  the 

W.  N.  WJ  Line,  ■ 

and  B  C  -parallel  to 

tR?«^W^^byN..t. 

W,  Line,' "meeting 

the  two  firft  Lines 

in  the  Poin(sC  and 

D,  then  C  will  be 

the  fir^,S?d  C  the  fecond  Hcad-Jand  ;  join  the  Points  D  and  C,  and  DC 

will  JJe  theic  Diftance  afundcr.     Then  draw  a  Line  parallel  to  D  C  ttin/ 

the  Centre  of  the  CompaTs,  and  that  will  fticw  dieir  Bearings  fi»m  cack 

otSii^lofind  wThich    '        -^ 

\  By; .  C  A  L  C  U  L  A  T  I  O  N. 

\  Tojjnd  th't-DiJhtnce  of  the  jirjl  -Head-land.  \ 

In  th^Triangle  D  A  B.are  given  the  Angle  D  A  B  8  f  Points  =: 

?5*^  37',  the  Angle  contflrined  between  the  N.  N.  W.  Line  A  D,  and 
:.  by  N.  \  N.  Line  A  B,  and  the  Angle  A  B  D  ?  ^  Points  == 
39°  22'  the  Angle  contained  between  the  E.  by  N.  k  "N.  Line  A  B, 
and  W,  N;  W.  Line  B  D,  and  A  B  16  Miles,  whence  by  Axiom 
fecond,*  it  will  be,  ,     '  •         ..  \ 

As  Sine  Angle  A  D  B  ■  45*"    1'  -9>8496i 

Is  to  the  oppofite  Side  A  B     -'    '     ■  16  1,20412 


So  is  Sine  A  B  D 


39^22' 


To  die  Side  A  D  14.35  the  Dift.  of  the  firft  Hcad-land 

2 


9,80228 

1 1,00640  ^ 
9,84961 


I 


TS  firii  the  Dtjiance  of  thtfecond  Head-land. 

\  In  the  Triangle  A  B  C,  ^re  given  the/Arigfe  B  A  Q  3  ^  =:  42^  i  i^i 
the  Angle  containeJ  between  theN.  N.  E.  |-E.  Lih^  A  C,  and  the* 
£.  by  N.  t  N.  Line  A  B,  and  the  An^le'A  B  C  6  |  Points  =z  ycT 
X9^  the  Angle  contained  between  the  t*  by  N.  \.  N.  Line  A  B,  and 
the  N.  W.  by  N.  \  W.  Line  B  C,  and  the  Side  A  B  16  Miles, 
whence  by  Axiom  fecond,  it  will  be, 

As  Sine  Angld  A  C  B  ^ ^  '         67°  3c/  ^      9»9656l' 

Is  to  the  Side  A  B  «  16  1,20412 

So  is  Sine  Angle  A^  C.  ■  70*^  19'        9,97385 

^    -■<        ■ 

11,1779/ 

9,96561, 


To  the  Side  A  C  16.31  the  Dift.  of  the  fecond  Head -land     1,21236' 

To  find  the  Bearing  and  Dijiance  of  the  Head-Elands. 

In  the  Triangle  D  A  C  are  given  the  Side  A  C  16.31,  the  Side 
A  t)  14.35,  ^"^  *^  Angle  D  A  C  4 1  Points  =  53°  26',  tne  Angles' 
contained  between  the  N.  N.  W.  Line  A  D,  and  the  N.  N.  E.  \  E. . 
Line  A  C,  whence  to  find  the  Angles  AD  C,  or  A  C  D. 

The  Side  A  C        1 6,3 1  1  So^'  00' 

The  Side  AD        14,315;    Angle  D  AC      :    53     26 

Sum'of  the  Sides    30,66    Sum  Angles        ^  1.26    34  oppofite  the  Sides.     , 

J   then  by  Axiom 
third  itwiUber: 

As  the  Sum  of  the  Sides  A  C  and  AD.      <^    -30,66         1,48657 
Is  to  their  Difference  '         —  1,^5        0,29226 

Sojs  T^^of  tthe  Sum  of  Angles  ADC  and  ACD  63*^1 7.  '  10,29816 

-      ■     •         .    V  .^- — r- • 

10559042'. 

'         ^  ' .:       •     •       1*48657 

To  the  Tangent  of  half  their  Difference  1^  \$/,     *  9,10385  i 

Then  63*^  I7^addcd  to  7*"  31' is  70**  3r',  the  greater  Aiigle  ADC,  - 
anc}  63°  17'— 7^  14' =  56^  3' the  Angle  A  C  D. 

.Now  the  Angle  A  D  C  70''  i  V  added  to  22"*  30',.  the  Angle  con-  * 
tained.  between  the  N.  N.  W.  Line  A  D,  and  the  Meridian,  gives  ' 
93°  1%  which  being  more  than  a,  Right  Angle,   ihews  that  D;bears  \ 
from  C,  W.  .3®  1'  Southerly,  and  confeqiiendy  C  bears  from  D  Eaft  ^ 
3''  i' Northerly,-  .........:  ^ 

■•..-,.•  ■    •       ./■  ..-••»> 
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For  die  Ctiftancebji  Axiom.  ll«  it  wilL  bc^ 

A^tte5iJicoftbcAnglcADC  =  70*3j'         -— -  9bV439 

IfetpthcSidc/iC           — ^        i6  31          — —  ij2U45, 

SoisSincAngleDAG    -^—      53  a6       —  9>9049(X 

9>9743g^ 


To  die $ide DC  13*9  the Dift.  between  the  ITeaJ*Iandi     i)i4A9<i' 

All  the  aboYft  Proportions  may  be  worked  by  Guntcr's  Scale,  but 
t)iey  arc  ipore  readily  done  by  Proje<^ion. 

After  this  Manner  may  the  mutual  Bearings  and  Diftances  of  any 
Number  of  Head-lands  be  found ;  as  alfo  the  Maps  of  Harbours^ 
iSjca  CoaAs,.  &C,  which  are.  of  excellent  Ufe  in  Becormoiterin^  thfi 
Enemy's  (Jdafts,  Towns,  &c.  without  venturing  too  near  their  Forts, 
JViany  more  Examples  might  be  produced,  which  are  not  of  fo  much 
Ufe  at  Sea,,  and  th^refor«,are  omitted* 

There  is  a  Method  of.  afcertaining^thft  Diftances  of  Places  by 
Sounds  which  is  ^s  fdllbws^  Fix  a  Pendulum  of  3^.2  Inches  upoiv 
a  Peg  or  l>lAil>  and  giving  it  a  Swing,  every  time  it  paffes  the  Cen« 
tre  will  give^  S<^conds  ;  and  as  it  is  found  by  many  Experiments,  that 
Sound  travels  1142  Feet  in  one  Second;  therefor©  the  Difference  of 
Time  between  feeing- the  PlaOi  and  hearing  the  Sound  belngj^meai-- 
furcd  by  the  Pendulum,  die  Diftance  may  be  eafdy  found*  by  allow- 
ing 1 142  Feejt  for  every  Second,  or  jjlowing  gut  Half  Seconds  to, 
travel  an  En^ljfhrMile,  or  five  Seconds  thre^  Tenths  to  travel  a 
Geographical  Mile.  1( a:S tqp;Watch  is-.aj:!  Hand  it  will.anfwer  tho- 
Purpole  better. 

EXAMPLE. 

Being  at  Sea>  I  counted-  50-  Seconds  between  the  Time  off^mtg 
the-  Flafh  of  a  Gun  and  hearing  the  Report.  I  demand  the 
Di^nce? 

lf'50 •.Seconds  be  divided  by  5,3,  the  Quotient  9,3  Miles,  will  be 
the  Diftance  required  ;  or  if  the  fame. Number. of  Seconds,  viz.  50^, 
be:  divided  by  16,  the  Quotient  3  one  eighth  Leagues^  wHI  girc-the* 
Leagues  of  Diftance,    fo  that  the  Gun,  when  it  was  fired,  was  9,4 
Miks,  0f.3:Ite9gu^  ajid  one  eighth-from  the  OUerver. 

JHadley's  Quadrant  oca.Sextam  wiJi  befOutidTmorccowcnienttftw- 
taJfJng  t|iiCf-Ar>gujajr.  Diftances.of. Objects  in  running  aioog^'^  Goaft, 
whe^  th9,A«»gi^P.-d<itnot.exc9ed  90^oc  lao^  as  they^'caa  bi^moreiaoi^- 
cijurately  ai|4  expedttiouily  taken,  and  .the.  Dvavghtsofa'Sisa.Goaft  or- 
H|irb9ur,.a$  welL.as  theDiflances  of  ObjtfiSy  be  detcrmined.mdi^ 
fufficient  £xa£befs :  For  having  a  Bafe  or  Stationary.  Liaev  acco*  • 
rately  meafured,  and  the  Angles  taken  from  different  Pkrts  of  it,  the 
lot^KTedions  of  the  Line,  indudini*  tliefe  Angjiet,  will  determine 

Ihe 
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A&fBfoni  Poiiit»  of  die:  Gofhft  dt  Utrtfbmr  fifft^  SfcMlAli^Mif  M 
^wn  mr  rtfprefekit  dio  MpfUrmast  i^f  tut  Land,  itc^  If  Ti«e  #i| 
mrmic^  the  Swmidifiray  ftoeks,  Ac;  gHayMmftMiW^BMR,  mifB4 
Bearings  of  the  wfole'  aAerwardi  laid  do#ii^  bv  ttff  CocHpirfSk  £i^K 
liuch  a^  rough:  Draught  as^  thv  aboVtt;  timU  te  (Hfgtem  Uftr  ih  <^Mff|  iiM( 
Idea  of  Coafts  and  Harbours  of  any  Country  we  chance  to 'Ml  nr 
with,  and  if  the  Mariner  has  a  Tafle  for  prawing  he  may  give  a 
pretty  good  Defcriptioa  of  the  Parts.'  he  has  &eeii<  at^  &  Tl^ng  but 
^oo  much  negleSed  by  ou^  £ngU{k  Seamen. 


CURRENT    SAILING, 

CURRENTS  are<:ertain  Settings  of  the  Stream,  by  the  Means 
of  which  all  Bodies  moving  therein,  are  compelled  to  alter  their 
Courfe,  and  fubmit  to  the  Motion  impreflfed  upon  them  by  it. 

Whence,,  if  a  Current  fets  with  the  Courfe  of  the  Ship,  it  aug- 
mentsher  Mbtion  by  as  much  as  the  Drift  or  Rate  of  drivmg  it. 

Thus,  if  at  Ship  fails  N.  N.  E.  20  Miles  in  a  Ciirf ent  diit  iets 
N.  N.  E.  8*Miles  in  tKofwiic  Time,  her  true  Codrftfwillbe;  K.  Mfi  fil 
28  Miles  in*  that  Tirtie ;  but  if  a  Current  fets"  agiiinft  tbie  Shipi-  ilf 
leffens  her  Velocity  byjuft  fo  much  as  the  Currtilt's" Drift' iS; 

So  that  if  a  Ship-^fails  N.  E.  49  Miles*;'  in  a  Gurttiir  tHkf  fetk"^ 
S.  W.  10  Miles  in  the  fame  Timei  thetl  het  tm^  Cbtfff<f  wfll  W 
N.  E-  39  -Miks^.and  ig  in  the  fame  TimC  that ^thT Ship  fails*  N.  ?• 
49  Miles,  in  a  Current  that  fets  S.  W.  59,  then  the  Ship  ^Ifltt' 
a-ftern,  and^her  true  Courfe  will  bte  S.  W.  10  Miles;  but  if  the 
Ship  thwarts  the  Current,  it  not  oftly  leffens  or  augments  her  Velo- 
city, but  gives  her  a  new  Motion  compounded  of  that  of  the  Ship 
and  Current ;  that  is. 

If  a  Body  be  agit;^ted'by  two  Motions 
at  the  fame  Time,  the  one  with  a  certain 
Velocity,  that  wifl  carry  it  ailxo#d?rtg'to* 
the   Diredion  of  the  Line  A   B,    the 
Lef^th.^  Bin a^certaift:  S)pa(^e of  I'-itt^  ; 
the  other  accordingto  th»  DfetcElloft  "of- thfe  lUntf * A^  D,*  \Oitffa  Ve-- 
locity  that  will  cwry>it  to  the  Diftance  A  D  initlifc  fame  T-inrte^,  theh 
the  Body  will  dtfcrifae  the  Diagonal  A  C,  aft*  at  the  End  of  thiC 
Time  will  be  fouiMhinrtfae  Point  C. 

r  TH#  Sitt&g^  a»d<Drtft'of  the  m6tf '  riJhlafkilble  Tides  and  *  Cur- 
rents are  pretty,  welt  knbwn  ;  but  if  in  uAknown  CurreatSi-.  the^ufiitfl'* 
Way t6  4ttd\ht  Setting  and-Dfift,  is  thus : 

Let  three  or  four  Men  take  a  Boat  a  little  Way  from  the  Ship,  and 
bf  ^a  Rope  faftened  to  die  Boat's  Stem,  let  down  a  heavy  Iron  Pot, 
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«r  loaded  Ketde,  into  the  Sea  t6  the  Depth  of  80  or  100  Fadioms^ 
inrfaen  it  can  be,  whereby  the  Boat  will  ride  almoft  as  fteady  as  at- 
Anchor;  then  heave  the  Log,  and  the  Number  of  Knots  run  out  iit 
Waif  a  Minute,  will  give  the  Miles  which  the  Current  run» 
per  Hour,  and  the  Bearing  of  the  Log  (hews  the  Setting  of  die 
Current, 

.    .       %    X    A    M    P    L    E      L 

If  a  Ship  fails  N.  E.  no  Miles  in  a  Curent  that  fets  S.  S.  W* 
30  Miles  in  the  fame  Time,  and  her  true  Courfe  and  Diftance  be 
fecjuired  ? 

The      PROJECTION, 


Set  oflr4  Points  from  N. 
towards  £.  and  draw  A  C 
e<}ual  to  1 10  Miles;  from 
C  draw  C'B  parallel  to  the 
N.  N.E.  Line,  and  equal  to 
30  Miles  draw  A  B,  which 
will  be  the  Ship's  true 
Courfe.    . 


By    CALCULATION. 

In  the  Triangle  A  B  C  are  given  the  Side  A  C.iio,  the  Side  BG  ■ 
30  Mile§,  and  the  Angle  A  C  B  22*"  30',  by  Axiom  III,     . 


the  Side  AC 


no 

39. 


1800  o' 

24   30 


The  Sum  of  Ac  Sides  140  the  Sum  of  Angs.  A&  B 1 57  30  opp.  thefe  Sidci 
Their  Diflfeiclice     .    8b|  the  Sum  of  the  Ang.        78  45  CAB  and  ABC  ' 

, >..-.'..-.  A»n 
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xvf 


As  the  Sum  of  the  Sides  A  C  and  A  B  14a  —      .     2.1461^ 
Is  fo  their  Difference  80  — —  •  1.90309*. 

Stj'is  the  T.  of  f  tbfe  Sumof  Angs. CBAand  BAC  78*45'  10.70134 


To  the  Tangent  of  Half  their  Difference  70^  49^ 

Half  the  Sum  of  the  Angles  C  A  B  and  C  B  A 
Half  tl\eir  Difference  —  ■■       -  -       ■ 


12.60443 
-2.141^^3 

\if       t    I  ■' 
10.45830 

70  49 


Which  beinjg  added  gives  the  greateft  Angle  C  B  A       149    34 

;  ■       J        ■    '       ;  •  ■      m     \    \    i 

But  if  fubtraSed,  the  leffer  CAB      "      ■■         ^  7  -  56 

Hence  itj  appear^,  that  the  Courfe  is  N.  7**  56'  Eafterly; 

1       To 'find  the  Diftance  by  Axiom  II,  it  will  be, 

■  .    ►  9*70461 


As  Sine  Angle  B  149**  34' 
Is  to  the  Side  A  C  110 
So  is  §ine  Angle  C  225**  30' 


To  the  Diftance  run  83.2 


2404139 

9*58284 

■I    1      ■    . 

iii62423 
^9.70461 

1.91962 


..  .       ,  ,      .  E    X    A.  M    P  ,L.E^    .11..^    .,      .  , 

*  If  a  Ship  from  the  Latitude  36**  30'  S.  fails  N.  E.  by  N.  40,  theo 
,N*  £.  by  E.  36  Miles,  in  a  Current  that  fets  S.  &  E^AO  Milc^ 
in  the  fame  Time  that  the  Ship  fails  38  Miles ;  and  it  be  required  to 
fiiid  the  Diftance  between  the  Ship  and  her  firft  Place,  asalfo  the 
Latitude  the  Ship  is  in  ? 

By  P  RvjO  J  E  C  T  I  a  N. 
Having  drawn  the  Compafs, 
as  before,  draw  the  N.  E.  by 
N.  Line  equal  tb  40  Mile^;  ' 
upon  the  End  of  which  draw  a 
Line  parallel  to  the  S.  S.  E; 
.upon  which  fet  of  21  Miles;  ^ 

tiie  Diftance  the  Current  fets  W--j 
-while  the  Ship  runs  40  Miles; 
then  draw  the  N  E.  by  E. 
Line,  upon  which  fet  off  36 
Miles,  at  the  End  of  that  draw 
'tfe  S*  S.  E»  Line,  on  whi«h  fee 


tt> 
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«^i^  Miles>  {lie  DM^|^lQ•4eC^r!rfnt  &t$wbik  tlu?3iBpT|i|ii 
^  1^^;  then  ijsm  the  £n4  of  that  Line  tp  tl)^  Shqp'f  ^cft 
fig^^  lyij^  W  tk$  Di^ifipe  ^  Mfl  the  Angle  heiiig  ixicaiured,  will  Ijtc 
ite  Ship  *-^^"^^>  and  a  Line  drawn  from  thc^ Snip's  laft  ftace^  pa-,. 
1^4  (^  j^*  '^^  ^^'  ^''^  it  cuts  the  Meridian;  that  being  meaiurd 
ftify;^^  Ship*£  firft  Place  will  be  the  Miles  of  Difference  of  La* 

T^  W^Y  ^^  ^^^  ^?  CakuJ^on,  but  it  ^u^  teiUcHii^  w«  ^1( 
qnU  iti  ^!)^  ^^^  ^^^  ^  ^^y  ^^  ^^"^  ^y  ^  Traverfe^  in  which  wc, 
fluU  ^^oSlkf  ^c  Current  as  a  Qng)f  C^rf(^ 


Uirter.  ot  Lat.           |    Deoarture.     \ 

.   Cowrfes. 

Dift. 
40 

N. 

S. 

E. 

w. 

.N.E.byN. 

N.«.  byN. 

S.  S.  E. 

Differ,  of 

33.3 

37»o 

22,2 

a9.9 
15,3 

Depar. 

53>3 
37.0 

67^^ 

16,3 

ActuBff.  ^^^  Differem^  of  Latitude  and  DtpaHwr^  tafakiiheCovfi 
and  Dijlance* 

A%  the  Diffi,  of  lAt»    i$.5    1.2 U19    As  the  S,  Coorfe   76^^  2^  9. 
ii  to  Radius  oo«   io.ooooq    Is  to  Departure      67*4        1.82 


SoktiieSepaitliie 


GO'    10 

^•4    >• 


928€6    So  is  Radius 


99^ 


I.2I2I9 


10.00000 

■■■■  ■^  I  wi»i 

ii.8aa66 
9>9Sl6f 


ToTang.Cou.    7^24'    ia6i«47    TotheDiftancc     69.J        1*84101 


K    X    A    M    P    L    E      III. 

i^  Sbij^CQnHng  o.vt  from  Sea  in  the  Nighty  has.  Sight  of  SciUf 
Light,  b9s^:iQg;  N.  £.  by  N.  Dift^ce  4  Leagues ;  it  being  thc^ 
Flood  n[id^,  feteinj^  £.  Yt.  E,  2  Milea  an  Hq«k>  and  the  Ship  mis- 
ning  at  the  Rate  of  5  fCnpts  ^n  Hour ;  t  dencaind  ufon  what  Co«ife 
flie  muft  fteeC)  and  how  far  to  hit  the  Lizard,  it  beariog  from  SdHy 
£•  half  S.  Diftanc^.  17  I^dsagues  I 
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By 

Having  drawn  the 
Compafs,  as  before, 
let  A  reprcfent  the 
Place  of  the  Ship  at 
JSea^  a4d,  draw  the 
N.  £.  j^y  N.  Line  J 
A  S.'  equal  to  12 W 
Miles,  then  will  S 
xeprefent  Scilly. 

2dly.  From  S  draw 
iSL  equal  ta5i  M. 
and  parallel  to  the  E. 
haM"  S.  I/inej  then  will  L  be  the  Place  of  the  Lizard. 

3dly.  Draw  L  C  parallel  to  the  W.  S.  W.  Line  caual  to  2  Miles, 
iind  C  D  equal  to  5  Miles ;  and,  parallel  to  it,  draw  A  B  till  it  meets 
L  C  produced  in  B,  then  will  A  B  be  the  Diftancc  required,  and 
<he  Angle  S  A  B  the  true  Courfe. 

%    CALCULATION. 

In  the.  Triangle  A  S  L  are  ^iven  A  S  equal  to  12  Miles,    S  L 
equal  to  51  Miles,  and  the  Angle  A  S  L  1 18**  7'  equal  to  10  Points^ 
^nd  half,   the  Diftance  between  the  N.  E.  by  N.  and  W,  half  N. 
.whence  to  find  the  Angle  S  A  L,  by  Axiom  III,  it  will  be, 
As  the  Sum  of  the  two  Sides  AS  and  S  L  63  1*79934' 

Is  to  their  Difference  39  -■     ■  —  i. 59106 

So  is  Tan.  of  Half  the  Angles  S  A  L  and  S  L  A  jo**  56'     9.77763 

1 1.36869 
1-79934 

20*  21'     9.5693s 


To  the  Tan.  of  Half  their  Difference 


Whence  the  Angle  SAL  will  be  found  =  to  51®  1/,  and  confer 
quently  the  direft  Courfe  from  the  Ship  to  the  f^izard  is  N;  85**  2' 
i;.  or  E.  by  N;  6°  if  Eafterly. 

To  find  the  Diftance  A  L  iy  Axiom  11.  //  willbe^ 

As  the  Sine  Angle  S  A  L  si""  1 7'  9*9223 

Is  to  Che  Diflance  from  Scillv  to  the  Lizard  51  1-70757 

So  is  the  Sine  of  the  Angle  A  S  L  118^  7'  9-94546 

11.65303 
9-89223 

Ta  the  Diftajnce  between  the  Ship  and  J-iz^rd  57.65  i .76080 


ijo         Current  SAILING. 

In  the  Triangle  D  L  C  are  given  the  Angle  L  =  17**  3I',  tfi* 
Diftance  between  the  E.  N.  E.  and  the  N.  85^  2'  E.  The  Side 
C  L,  the  Current's  Drift  in  an  Hour  =  2  Miles,  and  the  Side  CD* 
the  Ship's  Diftance  run  in  that  Time  =  5  Miles,  whence  to  find 
the  Angle  at  D,  by  Axiom  II.  it  will  be, 

As  the  Diftance  run  in  one  Hour  C  D  5  Miles  0.69897 

is  to  the  Drift  of  the  Current  2  Miles  —  0.3010^ 

'So  i$  the  Sine  of  the  Angle  at  L  17°  32'  •—-*  9.47894. 

9-77997 
0.69897 


To  the  Sine  of  the  Angle  at  D  6*»  55'  9*08100 

Hence,  becalife  the  Angle  C  D  L  is  =:  B  A  L,   the  Courfe  th6 
•Ship  muft  fteer  is  S.  88°33'E. 

To  find  the  Diftance  h^hy  Jxiofn  II.  it  zvill  be^ 

As  the  Sine  Angle  at  B  153°  33'  9.61689 

.Is  to  the  Diftance  between  the  Ship  and  Lizard  57.65  1.76080 

So  is  the  Sine  of  the  Angle  at  L  17°  32'  9.47894 

11.23974 
9.61689 


To  A  B  the  Diftance  (he  rauft  fail  41.96  1.62285 

■  1  in        , 

Many  more  Queftions  might  be  added,  but  thefe,  being  well  un- 
derftood,  are  fufficient  for  the  Seaman's  Purpofe  ;  and  that  the  Stu- 
ilent  fliould  not  meet  with  any  Thing  unncceflary  which  might  lead 
him  out  of  the  plain  Path,  I  have  avoided  thofe  Things  which  tend 
to  puz»le  more  than  improve  ;  therefore  would  advife  him  to  be  well 
acquainted  with  every  written  Article;  and  that  nothing  may  be 
wanting  to  complete  the  Artift,  I  (hall  proceed  to  the  Rules  necef-* 
iary  for  keeping  a  Journal  at  Sea. 


Of 
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Of      W    I     N    D    S. 

THE  Sun,  that  amazing  Globe  of  Fire,  die  Fountain  of  Light 
ai^d  Heat  of  the  whole  folar  Syftem,  wbofe  Rays  upon  the. 
£arth  ca^fe  Vapours  or  Fumes  to  be  continually  rilmg  from  it, 
which  muft  partake  of  the  Quality  of  thofe  Parts  from  whence 
they  are  evaporated  ;  a  Collection  of  which  form  what  we  call  our 
Air  or  Atmofphere,  furrounding  the  Earth,  and  extending  fome 
Miles  above  its  Surface,  and  is  liable  to  be  put  in  Motion  by  various 
Caufes,  Hence  Air  is  a  fine  elaftic  Fluid,  and  is  foipd  capable  of 
being  compreiTed,  or  condenfed  by  Cold,  and  expanded  or  rarefied 
by  Heat. 

Confequcntly,  an  Alteration  of  Heat  or  Cold  happening  in  any 
Part  of  the  Atmofphere,  the  Air  in  that  Part  will  be  either  condenf- 
cd  or  rarified,  and  the  neighbouring  Parts  will  thereby  be  put  into, 
Motion,  through  the  Endeavour  which  the  Air  by  its  Elafticity  or 
Springincfs  always  makes  to  reflore  itfelf  to  its  former  State,  or, 
4:ome  to  an  Eqi^ilibrium, 

Wind  is  a^tream  or  Current  of  Air,  which  generally  bjbws  from 
cme  Part  of  the  Horizon  to  its  oppofite  Part. 

The  fpllowing  Obfervations  have  been  made  on  it,  particularly 
\^y  Dr.  Hallpy,  which  are  not  unworthy  the  Seaman's  Notice. 

Between  30  Degrees  North  Latitude/  and  30  South  Latitude^ 
tdiere  is  a  conflant  Eaft  Wind  throughout  the  Year,  blowing  on 
•the   Atlantic   and  Pacific  Oceans,    and  this  is  called  the  Trade 
Winds. 

For  as  |:he  Sun,  in  moving  from  Eaft  to  Weft,  heats  the  Air  more- 
immediately  under  him,  and  thereby  expands  it*;  the  Air  to  the  Eaft* 
ward  is  conftantly  rulhing  towards  the  Weft  to  reftore  the  Equili« 
brium  or  natural  State  of  the  Atmofphere,  which  occaiions  a  per- 
petual Weft  Wind  in  thofe  Limits, 

The  Trade  Winds,  near  thefe  Northern  Limits,  blow  between 
the  North  and  Eaft ;  and,  near  the  Southern  Limits,  they  blow  be- 
tween the  South  and  Eaft. 

For  as  the  Air  is  expanded  by' the  Heat  of  the  Sun  near  the  Equa- 
tor, therefore  the  Air  from  the.  Northward  and  Southward  will  both 
tend  toward  the  Equator  to  reftore  the  Equilibrium  ;  now  thefe  Mo- 
tions from  the  North  and  South,  joined  with  the  foregoing  Eafterfy 
Motion,  will  produce  the  Motions  obferved  near  thofe  Limits,  be- 
tween the  North  and  Eaft,  and  between  the  South  and  Weft. 

Thefe  Winds,  if  the  whole  Surface  of  the  Globe  were  Sea, 
would  undoubtedly  blow  quite  round  it,  as  they  are  found  to  do 
in  the  Atlantic  and  Ethiopic  Oceans ;  but  feeing  fuch  great  Con- 
tinents inteipofe  and  break  the  Continuity  of  the  Ocean,  regard 
muft  be  had  to  the  Nature  of  Soils,  and  the  Pofition  of  high  Moun- 
tains, which  are  the  principal  Caufes  of  the  Variety  of  Winds  dif- 
^ring  from  the  former  general  one. 

Kz  In 
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In  fome  Parts  of  the  Indian  Ocean  there  arc  periodical  VVindr^ 
ivhich  are  called  Monfoons ;  that  is,  fuch  as  blow  half  the  Year  one 
Way,  and  the  other  Half- Year  the  contrary  Way, 

For  Air.that  is  cool  and  dcnfe  will  force  the  warm  and  rarefied  Air 
into  a  continiial  Stream  upwards,  where  it  muft  fpread  itielf  to  prefeiVe 
the  Equilibrium ;  fo  that  the  upper  Ceurfe  or  Current  of  the  Air 
/hall  be  contrary  to  the  under  Current ;  for  the  upper  Air  muft  move 
from  thofe  Parts  where  the  greatcft  Heat  is,  and  fo  by  a  Kind  of  Cir*- 
culation  the  N.  £•  Trade  Wind  below  will  be  attended  with  a  S* 
W.  above,  and  a  S.  E.  below  with  a  N.  W.  above:  And  thi* 
is  confirmed  by  the  Experience  of  Seamen,  whOy  as  foon  as  they  get 
out  of  the  Trade  Winds,  immediately  find  a  Wini  blowing  from  the* 
oppofite  Quarter. 

In  the  Atlantic  Ocean,  near  the  Coafts  of  Africa,  at'  about  lOO 
licagues  from  Shore  between  the  Latitudes  of  28^  and  10°  North^ 
Seamen  conftantly  meet  with  a  frefh  Gale  of  Wind  blowing  ffom- 
the  N.  E. 

Thofe  bound  to  the  Caribbec  Iflands  acrofs  the  Atlantic,  find,  a» 
they  approach  the  American  Side,  that  the  faid  N.  E.  Wind  becomes- 
Eafterly,  or  feldom  blows  more  than  a  Pomt  from  the  Eaft  etcher  ta 
the  Northward  or  Southward* 

Thcfe  Trade  Winds  on  the  American  Side  are  extended  to  ^0% 
jr*,  or  even  to  2^°  of  North  Latitude  ;  which  is  about  4°  ferther 
than  what  they  extend  to  on  the  African  Side ;  alfo  to  the  Southward- 
of  the  Equator,  the  Trade  Winds  extend  3  or  4  Degrees  farther 
towards  the  Coaflt  of  Brazil  on  the  American  Side,  than  they  da 
jiear  the  C&pfe  of  Good  Hope  on  the  African  Side, 

Between  the  Latitudes  of  4  Degrees  North,  and  4  South,  the- 
Wiitd  afwaVs  blows  between  the  South  and  Eaft  :  On  the  African. 
Side  the  Winds  are  neareft  the  South,  and  on  the  American  Side 
neareft  the  Eaft.  In  thefe  Seas  Dr.  Halley  obfefvcd,  that  when  the 
Wind  was*  Edlward,  the  Weather  was  gloomy,  dark,  and  rainy, 
with  hard  Gales  of. Wind  ;  but  when  the  Wind  veered  to  the  South-* 
ward,  the  Weather  generally  became  ferene^  with  gentle  Breezes, 
next  to  a'  C^Aii  * 

Thefe  Winds  arc  fomewhat  changed  by  the  Seafons  of  the  Year  ;, 
for  when  Che  Sun  is  far  Northward,  the  brazil  S.  E.  Wind  gets  to. 
file  South,  and  the  N.  E.  Wind  to  the  Eaft  ;  anvi  when  the  Sun  is 
far. South,  the  S.  E.  Wind  gets  to  the  Eaft,  and  the  N*  E.  Windonj 
this  Side  of  the  Eguator  veers  more  to  the  North. 

Al6rtg  the  Coalt  of  Guinea,  from  Sierra  Lcona  to  the  Iffand  of  St.. 
Thomai  under  the  Equator,  which  is  above  500  Leagues,,  the  Souths 
erly  and  South-weft  Winds  blow  perpetually;  for  the  S.  Et  Tittde 
Wind  having  paffed  the  Equator,  and  approaching  the  Guine»  Coaft^ 
within  80  or*  100  Lcguc*!?,  incline?  towards  the  Shore,  and  be- 
comes S.  S.  E.  then  South,  and  by  Degrees,  as  it  comes  near  the 
Land,  it  veers  about  to  S.  S.  W.  and  in  with  the  I^and  it  is  S.  W. 
and  tcmoime^  W.  S.  W.     This  Track  is  troubled  with  frequent 

CalnH^,^ 
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C«Ims»  tLTii  violent  fudden  Gufts  of  Wind^   called  Tornadoes^ 
blowing  from  all  Points  of  the  Horizon. 

The  Reafon  of  the  Wind  fetting  in  Weft  on  the  Coaft  of  Guinea^ 
is,  in  all  Probability,  owing  to  ttie  Nature  of  the  Coaft,  which  be* 
kig  greatly  heated  by  the  Sun,  rarefies  the  Air  exceedingly,  and  con- 
fequently  the  cool  Air,  from  off  the  Sea,  will  keep  rufliing  in  to  re-* 
ftore  the  Equilibrium. 

Between  the  4th  and  lOth  Degrees,  of  North  Latitude,  and  between 
the  Longitudes  of  Cape  Verd  and  the  Eaftermoft  of  the  Cape  Verd 
Iflands  there  is  a  Track  of  Sea  which  feems  to  be  condemned  to  per* 
pet6al  Calms,  attended  with  terrible  I'hunder  and  Lightnings,  and 
Aich  frequent  Rains,  that  this  Part  of  the  Sea  is.  called  The  Rains. 
Ships  in  failing  thefe  6  Degrees  have  been  fometimes  detained  whole 
Months,  as  it  as  reported. 

The  Caufc  of  this  feems  to  be,  that  the  Wefterly  Winds  fetting  in 
^n  this  Coaft,  and  meeting  the  general  Eaftcrly  Winds  in  this  Tracks 
balance  each  other,  and  fo  caufe  the  Calms,  and  the  Vapours ;  carried 
thither  by  each  Wind,  meeting  and  condenfing,  occafton  the  almoft 
conilant  Rains. 

The  la{i:  three  Obfervations  ftiew  the  Reafon  of  the  two  follow- 
ing, which  Mariners  experience  in  failing  from  Europe  to  India,  and 
in  the  Guinea  Trade.  The  Difficulty. which  Ships  in  going  to  the 
Southward,  efpecially  in  the  Months  of  July  and  Auguft,  find  in 
pafSng  between  the  Coafts  of  Gumea  and  Brazil,  notwithftand- 
ing  the  Width  of  this  Sea  is  more  than  500  Leagues :  This  hap- 
pens becaufe  the  S.  E.  Winds  at  that  Time  of  the  Year  commonly 
extend  fome  Degrees  beyond  the  ordinary  Limits  of  4®  N.  Latitude  j 
and  befides,  coming  (o  much  Southerly,  as  to  be  fometimes  Souths 
^metimes  a  Point  or  two  tg  the  Weft;  it  then  only  remains  to  ply 
to  Windward.  And  if  on  the  one  Side  they  fteer  W.  S.  W.  the/ 
get  a  Wind  more  and  mor^  Eifterly ;  but  then  there  is  Danger  of 
felling  in  with  the  Brazilian  Coaft,  or  Shoals  ;  and  if  they  fteer  E.^ 
S.  E,  they  fall  into  the  Neighbourhood  of  the  Coaft  of  Guinea,, 
from  whence  they  cannot  depart  without  running  Eafterly  as  far  as 
the  Ifland  of  St.  Thomas>  and  this  is  the  conftant  Prawiice  of  alt 
the  Guinea  Ships. 

All  Ships  departing  from  Gtiinea  for  Europe,  their  direfl:  Courfc- 
i«  Northward  ;  but  on  this  Courfe  they  cannot  go,  becaufe  the  Coa$ 
bending  nearly  Eaft  and  Weft,  the  Land  is  to  the  Northward  j  there^ 
fore  as  th?  Winds  on  this  Coaft  are  generally  between  the  S.  and  W^ 
S.  W,  they  are  obliged  to  fteer  S.  S.  E.  or  South,  and  with  thefct 
Gourfes  they  run  off  the  Shore ;  but  in  fo  doing  they  always  find  the 
Wind  more  and  more  contrary,  fo  that  when  near  the  Shore  they  can 
lie  South  5  at  a  great  Diftance  they  can  make  no  better  than  S.  E.. 
and  afterwards  E.  S.  E.  with  which  Courfes  thev  generally  fetch; 
the  Ifland  of  St.  Thomas,  and  Cape  Lopcz^  where  nnding  the  Winds 
to  the  E'aftward  of  the  South,  they  fail  Wefterly  with  it,  till  com- 
ing to  the  Latitude  of  four  Degrees  South,  where  they  find  %hfi  S^  E. 
Wind  tJowing  perpetually. 

Oft 
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On  Account  of  thefc  general  Winds  all  thofe  that  ufe  the  Weft  In-s. 
clia  Trade,  even  thofe  botind  to  Virginia,  reckon  it  their  beft  Courfe 
to  get  as  foon  as  they  can  to  the  Southward,  that  fo  they  may  be  cer- 
tain of  a  fair  and  fre(h  Gale  to  run  before  it  to  the  Weftward  ;  and 
for  the  fame  Reafon  thofe  homeward  bound  from  America  endeavour 
to  gain  the  Latitude  of  30°,  where  they  firft  find  the  Wind  begia 
to  be  variable,  though  the  moft  ordinary  Winds  in  the  North  At- 
lantic Ocean  come  between  the  South  and  Weft. 

Between  the  Southern  Lats,  of  10  and  30**  in  the  Indiati  Ocean, 
the  general  Trade  Wind  about  S.  E.  by  S.  is  found  to  blow  all  the 
Year  round  in  the  fame  Manner  as  in  the  like  Lats.  in  the  Ethiopic 
Ocean,  and  during  the  fix  Months,  from  May  to  December,  tlsiejt 
Winds  reach  to  within  2**  of  the  Equator  5  but  during  the  other  fix 
Months,  from  November  to  June,  a  N.  W.  Wind  blows  in  the  Track 
lying  between  the  3d  and  loth  Degrees  of  Southern  Lat.  in  the  Me- 
ridian of.  the  North  End  of  Madagafcar  ;  and  between  the  2d  and 
]  2th  Degrees  of  South  Lat,  near  the  Long,  of  Sumatra  and  Java. 

In  the  Track  between  Sumatra  and  the  African  Coaft,  and  from 
3®  of  fi.  Lat.  quite  Northward  to  the  Afiatic  Coafts,  including  the 
Arabian  Sea  and  the  Gulf  of  Bengal,  the  Monfoons  blow  from 
September  to  April  on  the  N.  E.  and  from  'March  to  Oftobcr  pli 
the  S.  W,  In  the  former  Half-year  the  Wind  is  more  fteady  and 
gentle,  und  the  Weather  clearer  than  in  the  latter  fix  Months;  and 
the  Wind  is  more  ftrong  and  fteady  in  the  Arabian  Sea  than  in  ther 
Gulf  of  Bengal. 

Between  the  Ifland  of  Madagafcar  and  the  Coaft  of  Africa,  and 
thence  Northward  as  far  as  the  Equator,  there  is  a  Track  wherein, 
from  April  to  Odlober,  there  is  a  conftant  frefti  S.  S.  W.  Wind,  which, 
to  the  Northward,  changes  into  the  W.  S.  W.  Wind  blowing  atrthat 
Time  in  the  Arabian  Sea. 

To  the  Eaftward  of  Sumatra  and  Malacca,  on  the  North  of  thcr 
Equator,  and  along  the  Co»fts  of  Cambodia  and  China  quite  through 
the  Philippines  as  far  as  Japan,  the  Monfoons  blow  Northerly  and 
Southerly  ;  the  Northern  fetting  in  about  Oftober  or  November,  and 
the  Southern  about  May.  Thefe  Winds  are  not  quite  fo  certain  as 
thofe  in  the  Arabian  Sea. 

Between  Sumatra  and  Java  to  the  Weft,  and  New  Guinea  to  the 
Eaft,  the  fame  Northerly  and  Southerly  Winds  are  obferved  5  but  the 
firft  Half-year  the  Monfoons  incline  to'^the  N.  W.  and  the  latter  to 
the  S.-  E.  Thefe  Winds  begin  a  Month  or  fix  Weeks  after  thofe  if| 
the  Chinefe  Seas  fet  io,  and  are  quite  as  variable.  . 

Thefe  contrary  Winds  do  not  ftiift  from  one  Point  to  its  oppofite 
all  at  once  5  in  fome  Places  the  Time  of  the  Change  is  attended  with 
Calms,  in  others  by  variable  Winds  ;  and  it  often  happens  on  the 
Shores  of  Cforomandel  aijd  China,  towards  the  End  of  the  Monfoon, 
that  there  are  moft  violent  Storms,  greatly  refembling  the  Hurricanes 
in  the  Weft  Indies,  wherein  the  Wind  is  fo  vaftly  ftrong,  that  hardly 
any  Thing  can  ^refift  its  Force. 
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All  Navigation  in  th'e  Indian  Ocean  muft  neccffarily  be  regulated 
by  thefe  Winds ;  for  if  Mariners  Ihould  delay  their  Voyages  till  the 
contrary  Monfoon  begins,  they  muft  either  fail  back,  or  go  into  Har- 
bour, and  wait  for  the  changing  of  the  Trade  Winds. 

Vapours  rifing  from  the  Sea,  and  by  the  Wind  carried  over  low 
Lands  to  the  Ridges  of  Mountains,  ana  compelled  to  mount  up  with  , 
the  Stream  of  the  Air  to  the  Tops,  where  the  Water  prefently  pre- 
cipitates gleeting  down  by  the  Chinks  and  Cliffs  of  the  Stones,  and 
Part  of  the  Water  entering  into  the  Caverns  of  Hills,  and  gathering 
into  Bafons,  which  being  once  filled  begin  to  run  over,  and  form 
fubterraneous  Paflages  through  the  Earth,  breaking  out  in  Springs  hj 
the  Sides  of  Hills  j  feveral  of  thofe  meeting  together  form  Rivulets  ; 
feveral  of  thefe  Rivulets  meeting  together  make  a  River.  This,'  to- 
gether with  what  is  incorporated  into  Vegetables,  renders  it  impoffi-* 
ble  for  all  the  Water  evaporated  from  the  Sea  to  return  to  it  again. 
•  Hence  the  Evaporations  arifmg  from  the  Mediterranean  are  fuch, 
that  notwithftanding  there  are  9  capital  Rivers,  which  empty  them- 
felves  into  it,  befides  fmaller  ones,  there  is  a  conftant  Current  run* 
ning  through  the  Straits  of  Gibraltar  from  the  Atlantic  Ocean,  to 
make  up  the  Deficiency.  R,  Mead,  M.  D.  and  F.  R.  S.  obfervcs, 
I.  That  fome  Difeafes  are  properly  the  EfFeds  of  the  Influence  of  the 
heavenly  Bodies.  2.  That  the  moft  windy  Seafons  of  the  Year  are 
about  the  vernal  and  autumnal  Equinoxes.  3.  All  the  Changes  we 
have  enumerated  in  the  Atmofphere  do  fall  out  at  the  fame  Time$ 
when  thofe  happen  in  the  Ocean,  and,  as  both  the  Waters  of  the 
Sea  ^nd  the  Air  of  our  Earth  or  Fluids,  are  fubject  in  a  great  Meafure 
to  the  fame  Laws  of  Motion,  fo  that  natural  Efrefe  of  the  fame  Kind 
are  owing  to  the  fame  Caufes..  4.  The  Alteration  made  by  the  Sua 
and  Moon  in  the  Atmofphere  muft  thereby  have  Influence  on  the 
AnimalBody.  5.  The  Elafticity  of  the  Air  is  of  great  Moment,  and 
it  is  reciprocally  as  the  PreflTure,  fo  that  the  incumbent  Weight  be- 
/ng  diminiflied  by  the  Attraction,  the  Air  underneath  will  be  much 
expanded  j  thefe,  and  fuch  like  Caufes,  will  make  the  Tides  in  the 
Air  to  be  much  greater  than  thofe  of  the  Ocean  j  and  there  is  no  doubt 
to  be  made,  but  that  the  fame  infinite  wiJ'e  Being,  who  contrived  the 
Flux  and  Reflux  of  the  Seas,  to  fecure  that  vaft  Colledion  of  Waters 
from  Stagnation  and  Corruption,  has  ordered  this  Ebb  and  Flood  of 
the  Air  of  our  Atmofphere  with  the  like  good  Defign  ;  that  is,  to 
preferve  it  fweet,  and  a  briflc  Temper  of  this  Fluid  ih  necelTary  to 
Life,  by  a  continual  Circulation.  6.  Two  contrary  Winds  blowing 
towards  the  fame  Place,  may  accumulate  the  Air  there,  fo  as  to  in- 
creafe  the  Height  and  the  Weight  of  the  incumbent  Cylinder ;  in 
like  Manner  the  Dirediion  of  two  Winds  may  be  fuch,  as  meeting  at 
certain  Angles,  may  keep  the  Gravity  of  the  Airi  n  a  middle  State  j 
but  if  the  Winds  blow  different  Ways  from  the  fame  Place  (which 
may  be  occafioned  by  Thunder  and  Lightning)  the  Height  and 
Weight  of  the  Air  may  be  much  decreafed.  7.  The  Changes  in  our 
Atmofphere  at  High  Water,  New  and  Full  Moon,  the  Equinoxes, 
&c.  mu|l  occafion  Alterations  in  all  Animal  Bgdics,    fcr  all  living 
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Creatures  require  Air  of  a  determined  Gravity  to  perform  RefiMra* 
tionealily;  for  it  »s  by  its  Weight  that  this  Fluid  inlinuates  itfclf  in- 
to the  Cavity  of  the  Breaft  and  Lungs  :  By  a  flow  Circulation  the 
Secretion  of  the  Spirits  is  diminiflied  j  and,  by  the  Want  of  the  Force 
of  Elafticity  and  Gravity,  the  Juices  begin  to  ferment,  change  the 
.  Union  of  their  Parts,  break  their  Canals,  and  Difeafes  follow. 

Befides  the  above  Caufes,  the  Atmofphere  may  be  put  in  Motion 
by  the  elaftic  Vapours  forced  from  the  Bowels  of  the  Earth  by  fub- 
^rraneous  Heats,  and  condenfed  by  whatever  Caufes  in  the  Atmof- 
phere. A  Mixture  of  Effluvia  of  different  Qualities  in  the  Air  may, 
by  Rarefaction,  Fermentation,  &c.  produce  Winds  and  other  Effe^s 
like  thofe  refulting  from  the  Comoination  of  fome  chymica\  Li^ 
qu'ors ;  and  that  fuch  Things  happen,  we  are  afiured  from  the  Na« 
tore  of  Thunder,  Lightning,  and  Meteors.  From  the  Eruptions  of 
Volcanoes  and  Earthquakes  in  diftant  Places,  Winds  may  be  pro- 
pagated to  remoter  Countries.  The  divided  or  united  Forces  of  th» 
other  Planets,  and  of  the  Comets,  may  varioufly  difturb  the  Influ* 
cnce  of  the  Sun  and  Moon,  &c.  We  know  that  there  happen  vie* 
lent  Tempefts  in  the  upper  Regions  of  the  Air,  when  we  below  en- 
joy a  Cairn,  and  how  many  Ridges  of  Mountains  there  are  on  our 
Globe  which  interrupt  and  check  the  Propagation  of  the  Winds,  fo 
that  ittsno  Wonder  that  the  Phaenomena  we  have  afcribed  to  the  Ac- 
tion of  the  Sun  and  Moon  are  not  always  conilant  and  uniforni, 
and  tliat  every  EfFeft  does  not  hereupon  follow  :  which,  were  there 
no  other  Powers  in  Nature  able  to  alter  the  Influence  of,  this  might 
in  a  very  regular  and  uniform  Manner  be  expedled  from  it. 

That  the  rarefied  Air  afcends  is  fuificiently  demonftratcd  by  the 
Aeroftatic  Globe,  or  Air  Balloon,  lately  invented  ;  this  is  a  Globe 
made  of  Silk,  or  other  light  Stuff,  made  Air  tight  with  Gum ;  which 
being  filled  with  inflammable,  or  rarefied  Air,  will,  when  let  ioofe, 
afcend  until  it  comes  to  that  Part  of  the  Atmofphere  that  is  nearly  ai 
li|;ht  as  the  Air  within  it,  where  it  will  continue  fome  Time.. 

Some  of  thefe  Globes  have  been  made  fo  large  as  to  carry  up  M^ll 
with  them,  as  have  frequently  been  feen  in  Britain,  Franc;^  and 
other  Parts.  .     ■ 

Note-  The  Swiftnefs  of  Wind  in  a  great  Storm  Is  not  mtjrethan  50 
ct  60  Milca  in  an  Hour,  and  a  common  briik  Gale  is  about  1 5;  Miles  aA 
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THE  Tides,  or  the  Flux^nd  Reflux  of  the  Sea,  is  that  regular 
Motion  of  the  Waters  by  which  they  rife  and  fall  at  certain 
pqual  Intervals  of  Time. 

.  The  Dodlrine  of  Tides  remained  in  Obfcurity,  till  the  immortal 
Sir  Ifaac  Newton  explained  it  by  his  great  Principle  of  Gravity  and 
Attraction.  For  having  demonftrated  that  there  is  a  Principle  in  all 
Bodies  within  the  Solar  Syftem,  by  which  they  mutually  attract  each 
other,  in  Proportion  to  the  Squares  of  their  Diftances,  it  follows, 
that  thofe  Parts  of  the  Sea  which  are  immediately  under  the  Moon 
muft  be  drawn  towards  it,  and  confequently  whenever  the  Moon  is. 
nearly  vertical,  the  Sea  will  be  raifed,  which  occafions  the  flowing 
of  the  Tide  there. 

By  the  Earth's  diurnal  Rotation  from  Weft  to  Eaft  in  24  Hours, 
the  Sun  apparently  revolves  from  Eaft  to  Weft  in  the  fame  Time  5 
fo  by  the  fame  Rotation,  the  Moon  apparently  revolves  from  Eaft  to 
Weft  in  the  Space  of  24  Hours  49  Minutes,  commonly  called  a  Lu- 
nar Day,  fo  as  in  that  Time  to  return  to  tj^e  Meridian  ihefet  out  at; 
and  as  the  Sun  apparently  moves  round  the  Earth  in  a  Year,  fo  the 
Moon  really  moves  round  it  in  about  20  f  Days  ;  confequently,  if  the 
Sun  and  the  Moon  are  both  upon  the  Meridian  at  any  Tinlc>  it  will 
.be  29  Days  and  an  Half  before  they  are  upon  the  fame  Meridian  again, 
or  in  ConjunSion,  and  about  Half  that  Time,  viz.  14  Days  18 
Hours  before  they  are  upon  oppofite  Meridians,  or  in  Oppofition. 
Now,  as  the  Sun  attrafts  the  Earth,  though  much  lefs  than  the 
Moon,,  being  at  fo  vaft  a  Diftance  from  it,  ypt  when  they  are  both 
upon  the  Meridian,  cither  in  Oppofition  or  Conjun6liqn,  that  is,  at 
Full  and  Change,  their  joint  Attraftion  confpires  to  raife  the  Tides 
higher  than  when  they  z&  crofs-ways.  Hence  the  Tides  are  higher 
than  ordinary  twice  every  Month,  and  are  called  Spring  Tides;  but 
tliis  does  not  happen  till  two  or  three  Days  after,  when  the  Attraftions 
of  the  Sun  and  Moon  have  been  united  fome  Time.  But  when  the 
Sun  and  the  Moon  aft  crofs-wap,  or  are  90^  afunder,  the  Tides 
are  leflTened  in  Proportion  to  the  Difference  of  their  Powers  of  At- 
tra£tion,  and  produce  what  we  call  Neap  Tides,  which  happen  foo«' 
after  the  firft  and  laft  Quarter  of  the  Moon,  when  the  Sun  has  leflen- 
ed  the  Attraftion  of  the  Moon  for  fome  Time. 

The  Moon  being  the  principal  Caufe  of  raifing  the  Tides,  they 
are  ^ways  found  to  folio «v  her,  and  confequently  muft  always  be 
Ihiftirig  from  Weft  to  Eaft  as  the  Moon  does,  fo  that  it  is  High. 
Water  at  any  Place  when  the  Moon  is  upon  the  Meridian  of  that  Place 
at  Full  or  Change,  it  will  be  about  49  Minutes  later  on  the  following 
Day,  I  Hour  38  Minutes  later  on  the  fecond  Day,  falling  back  49 
Minutes  every  24  Hours,  until  the  Moon  comes  to  the  oppofite  Me- 
ridian ;  and  then  it  will  be  High  Water  again.  Thefe  Tides  re- 
gularly rife  and  fall  twice  in  the  24  Hours,    wherefore  by  knowing 

S  the 
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the  Time  of  the  Moon*s  Southing  at  any  Place,  and  the  Tin>e  of 
High  Water  at  Full  or  Change  at  that  Place,  we  can  find  the  Time 
cf  High  Water  on  any  other  Day  at  the  fame  Place,  by  allowing 
49  Minutes  later  for  every  Dayfmce  the  Full  or  Change,  or  24  Mi- 
nutes later  for  every  Tide.  ^ 

Thefe  Tides  would  be  regular  from  Weft  to  Eaft  were  the  whole 
Earth  covered  with  deep  Water,  but  feeing  their  Courfe  is  obftrufted 
by  Land  lying  in  their  Way,  furrounding^flands,  running  up  wind- 
ing Rivers,  and  otherwlfe  afFefted  by  Shoals,  ftriking  againft  Capes 
apd  Head-Lands,  they  are  often  forced  to  take  long  Circuits  and  Va- 
rious Direftions  to  come  to  the  Levels ;  that  the  Setting  of  the 
Tides  and  Times  of  High  Water  are  different  at  different  Places.    - 

The  Tides  rifing  higher  in  Bays  and  Rivers  than  in  the  open  Sea, 
is  occafioned  by  its  ftriking  againft  the  contrafting  Banks  of  Bays  and 
Rivers,  accumulate  the  Water,  and  caufe  it  to  rife  higher  than  in 
the  open  Seas. 

The  Tides  are  higher  than  ordinary  twice  every  Year,  viz.  about 
tjie  Vernal  and  Autumnal  Equinoxes,  and  the  Neap  Tides  lefs,  which 
are  occafioned  by  the  Sun's  being  nearer  to  the  Earth  at  thefe  Ttnies 
than  at  any  other  Time  of  the  Year,  and  confequently  the  Power  of 
Attraction  is  ftronger ;  for  by  drawing  up  the  Water  when  the  SUiv. 
and  Moon  are  upon  the  Meridian,  to  a  greater  Height  tha^n  ordinary, 
the  Water  90*  dlftant'from  the  Meridian,  muft  fubfide  in  the  feme 
Proportion. 

The  Method  generally  prefcribed  for  finding  the  Time  of  High 
"iVater  4t  any  Placc^  is  contained  in  the  followirig  Particulars : 

To  find  the  Leap  Year* 

Divide  the  given  Year  by  4,  if  nothing  remains  it  is  Leap  Year, 
but  if  I,  2,  or  3  remains,  they  (hew  that  is  fo  manv  Years  after 
Biflcxtile,  or  Leap  Year,  as  the  Remainder  is  :  thus  the  Year' 1796 
divided  by  4,  gives  449,  and  the  Remainder  is  (0)  fhews  it  is  Leap 
i^ear; 

To  find  the  Golden  NurAher  for  any  Year. 
.  Rule,  Add  one  to  the  given  Year,  and  divide  the  Sum'  by  19 
ibc  Remainder  will  be  the  Golden  Number. 

EXAMPLE.      * 

-  t    .  •    Required  the  Golden  Number  of  I']  qf),  ^ 

By  addingone  tc  that  Year,  it  gives  1797,  this  divided  by  19,  gives 

94  for  th^  Quotient,  ajid  the  Remainder  is  11,  the  Golden  Number 

for  1796. 

To  find  the  EpaSi  for  any  Year. 

Note.  The  Epaft  is  the  Moon's  Age  at  the  Beginning  of  .the 
Yeat^  or  rather  the  firfl  of  March.     The  Epa(5t  advances  1 1  every 
Year,  to  30,  bccaufc  the  Solar  Year  is  1 1  Days  longer  than  the  Lu- 
nar 
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nir  Year,  and  as  the  Epaft  increaTes,  it  (hews  the  Moon's  Age  at 
the  Beginning  of  the  Year ;  it  is  here  (uppofed,  that  at  the  £n4  of 
19  Years,  the  Sun  and  Moon,  make  all  the  Variety  of  Situations 
they  poiEbly  can  with  one  another,  and  thence  begin,  and  go  over 
She  fame  again.  The  Goldea  Number  at  the  Birth  of  Chrift  was  i, 
which  is  the  Reafon  that  one  is  added  to  the  given  Year,  to  find  the 
Golden  Number. 

Rule.  Divide  the  given  Year  by  19,  the  Remainder  multiply  by 
II,  and  the  Prodiift  will  be  the  Epaft ;  if  it  does  not  exceed  29,  biit 
if  it  does,  fubtra£l  30  from  it  as  omn  as  you  can^  and  the  Remainder 
will  be  the  £pa<5l^  for  it  never  exceeds  29. 

EXAMPLE, 
fFhal  is  the  Epa£i  of  the  Tear  1796. 
1796,  divided  by  19,  gives  94,  and  the  Remainder  lO,  multiplied 
by  iij  -gives  no  ;  this  divided  by  30,  gives  3,  and  the  Remaindeip 
is  20  5  which  is  the  Epadt  for  1796. 

To  find  the  MoorCs  Age. 

To  the  £pa(%  add  the  Day  of  the  Month,  and  the  Epa£t,  or 
Number  for  the  Month  \  the  Sum  if  it  does  not  exceed  30  is  her 
Age  5  but  if  it  does,  fubtrad  30  from  it,  as  often  as  you  can,  and 
Che  Remainder  is  her  Age. 

Note.  The  Epafl:  or  Number  for  each  Month  is  found  thus ; 
Divide  the  Number  of  Days  contained  between  the  firft  of  Jamiarjjy 
and  the  firft  Day  of  any  Month,  by  29  j,  the  Remainder  will  oe  toe 
Number  for  that  Month. 

Required  the  Number  or  Epafl  for  Sept.  1796?  Anf.  7.5 

The  Number  of  Days  contained  between  the  firft  of  January  1796, 
and  firft  pf  Sept.  are  244  Days,  divided  by  29  f ,  giveJ»-  8  for  the 
Quotient,  and  7  \  for  the  Remainder,  which  is  the  NunAer  fought^ 
^d  fo  for  any  other  Month* 

EXAMPLE, 

Required  the  Moon's  Age  April  29th,  1 796, 
Day  of  the  Month  29 

Epaa  for  the  Year  20 

Number  for  the  Month      3 


%%  Moon's  Age 
T^umber  for  the  Months  are  nearly  as  follows  : 

Jan.  Feb.  Mtr.  Apr*  MagT*  June.  July.  Aug.  Sep.  Oft.  Nov«  Dec. 

Incom.  yeafs      o     2      o      2      2      4    4     6    7     8     10     10 
InLeap Years      0     2'    \     3     3     S    5     7    8    9     10. |i 

Si  7# 
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To  find  tbi  MqM*s  Southing  an  any  Pay  ofhtr  Age. 

Since  the  Sun  returns  to  the  Meridian  he  has  left  in  the  Space  of 
24  Hours,  and  the  Moon,  in  about  24  Hours  49  Minutes,  therefore,- 
if  the  Moon  leaves  the  Meridian  at  the  fame  Time  that  the  Sun  does, 
on  any  Day,  the  next  Dayfhe  will  come  to  the  Meridian  49  Mi-** 
nutes after  him,  falling  back,  about 49  Minutes  every  Day;  whence 
to  find  the  I1me  of  the  Moon's  Southing,  ox  coming  to  the  Meri- 
dian, on  any  Day,  we  have  this  eafy  Ride : 

Multiply  th«  Day  of  her  Age  by  49,  and  divide  the  Produd  by  6d, 
the  Quotient  is  the  Hours,  and  the  Remainder  the  Minutes  After* 
noon  when  {he  fouths.  Or,  which  is  rather  eafier,  and  in  many 
Refpefts  fufliciently  exaft  for  the  Mariner's  Purpofc  5  Multiply  the 
Moon's  Age  by  4,  and  divide  the  Produ<ft  by  5,  the  Quotient  is  the 
Hours,  and  the  Remainder  multiplied  by  12,  gives  the  Minutes 
Afternoon  when  ihe  is  upon  the  Meridian ;  but  if  this  Time  exceeds 
12,  fubtra£t  12  Hours  from  it,  and  the  Remainder  is  the  Time  of 
her  Southing  in  the  Morning. 

N.  B.  From  the  Full  Moon  to  the  Change  (he  comes  to  the  Me- 
ridian, or  fouths  in  die  Morning,  but  from  the  Change  to  the  FuU 
in  the  iV^ternoon* 

EXAMPLE, 
Required  the  Moon's  Southing  April  29,  1796  \ 


TheEpaais 

20 

pr  thus                 ^z 

l^'umber  for  the  Month  is      3 

4 

toay  of  the  Month 

29 

s 

1)^ 

3o)S*(? 

30 

Moop's  So^ithing      17  3§ 

' 

12  op 

Mqon'«  Ag^ 

zs 

49 

536 

198 

88 

6,0)107,8 

Moon's  Southing 

17  ^SAftemooa 

Subtraa 

12  00 

Moon's  Southing 

5  58  in 

the  Morning 

Hence  it  appears  that  the  Moon  comes  to  the  South,  at  58^  Miti 
nutes  after  5  in  the  Morning. 

To  find  the  Time  of  High  Water  on  any  Day  of  the  Moon^s  Age  at  any  Place. 

From  the  Obfcrvations  of  many  Perfons,    there  have  bee^i  coU 

le£led*the  Times  when  it  is  High  W  ater  on  the  Days  oi  tt\e  New  and 

full  Moon^  on  nfioft  of  die  Sea  Coai|s  of  Eiyrope^  and  9t  (ever^il 

odieir 
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other  Places,  and  thefe  Titnes^  are  commonly  pot  in  a  Table  aeainft 
the  Names  of  the  Places,  in  an-  Alphabetical  Order,  for  which  Rea- 
fon,  it  is  called  the  Tide  Table ;  but  in  this  Treadfc,  the  Times  of 
high  Water. at  Full  and  Change  Daj^  are  fet  down  after  the  Lati- 
tude and  Longitude  of  each  riace,  in  the  Table  of  Latitudes  and 
Longitudes  of  Places, 

RuLp.  To  the  Time  of  the  Moon's  Southing  on  the  given  Day, 
add  the  Time  of  High  Water  at  Full  and  Change  at  the  given  Place» 
taken  from  the  Table ;  the  Sum  is  the  Hour,  paft  Noon,  on  the 
given  Day,  when  it  is  High  Water  at  that  Place ;  and  if  this  Hour 
exceeds  12,  fubtra£^  12  from  it,  and  the  Remainder  (hews  the  Time 
of  High  Water  in  the  Morning  ;  but  if  it  exceeds  24,  fubtraA  24 
from  it,  and  the  Reniainder  (hews  the  Time  of  High  Water  in  ^ 
Afternoon. 

Example  i.  Example  ii. 

At  what  Time  will  it  be  High  Water  at    Required  the  Time  of  HiA. 
}^adon»  April  29th,   1796?  Water  at  Dover,  061.  I2»  1796) 

19)1796(94.  19)179^(94- 

i7«  171 


B6 
76 


86 

76 


10 

30)110(3 
90 


The  Epaa 
Num.  of  Month 
Pay  of  Month 


^Siibtfaa 

Moon's  Age 
'Mult,  by 


20 

3 

29 

5* 

22 
4 


sms 


10 

II 


17=36 

Time  at  London      3 


Afternoon 
Subtraa 


Epaa 
Num.  of  Month 
Day  of  Month 


Mpon's  Age 


60)539(8 
4S0 

59 

Moon's  Southing    8  59 
Hme  at  Dover  10  30 


{doming 


8    36 


Afternoon 
Subtraa 


1929 
12  00 


So  that  it  is  High  Water  $6  Minutes 
liftlereightihthe^foxmngatLoodoD.  Morning    7  29 
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E    X    A    M    P    L    E     m. 

-JleijoiredtBe  Time  of  Hi^  Water  at  the  StairtTp^^  JuIyjo»  17916!! 
*  Epaft  zo 

Day  of  Month    10 
Num.  of  Month.,  j 

35 
30 

Mooa's  Age  5 

Moon's  Southing  4. 
Time  at  Start        6 

Hi  W.  Aftcrjjoon  10 

Hence  it  appejirs  that  it  is  High  Water  at  the  Start  at  teno'CIocfc 
in  the  Afternoon.' 

This  is  the  Method  of  finding  the  Time  of  High  Water  infertcd 
in  common  Books  of  Navigation,  which,  at  Times,  will  give  the 
Moon's  Age  whole  Days,  and  the  Time  of  her  Southing,  and  of  High 
Water,  Hours  wide  of  the  Truth ;  and  even  if  the  Moon's  Southitig 
be  exaftly  found,  yet  the  Tides  may  differ  lefs  or  more  from  the  com-r 
puted  Time ;  for  the  Floods  do  not  always  happen  at  the  fame  Dif- 
tance  of  Time  fjrqm  each  other,  but  at  different  Diftances,  accord- 
ing to  the /f  inrj.e$  x>f  the  Moon's  Age,  and  hex.  Afpe£t  with  Refpeft 
to  the  Sun,  or  as  the  Waters  are  ad:ed  upon  by  idbe  Sum  or  Differ- 
ence of  the  attraSive  Forces'of  the  Sun  and  Mooii,  and  alfo  on  Ac- 
count of  Winds  and  Storms,  .even  when  out  of  Hearing,  which 
greatly  affefted  the  Tides  ^  the  real  Time  of  High  Water  at  any 
rlace  will  often  differ  from  the  computed  Times ;  therefore  Pilots 
and  all  concerned,  would  do  well  to  ufe  the  following  Method,  which 
will,  in  general,  give  the  Tme  of  High  Water  yjthin  H^lf  an  Hour 
of  the  Truth,  j^en  the  Tides  are  not  greatly  influenced  by  tb^ 
Wind. 


.    A    TABL* 


Or     TIDES. 


H3 


A  TABLE  for  the  ready  finding  the  Day  of  ftc  Month  the  New 
Moon  williiall  on  till  the  Year  igoo,  and  confequently  the^MooN's 
Agiy  for  anv  Day,  by  knowing  the  Golden  Number,  according  to 
the  Method  commonly  ufed  for  finding  the  Moon's  Age. — ^Add  i 
to  the. given  Year,  send  divide  the  Sura  by  19,  the  Remainder  will 
be  the  Golden  Number,  which,  being  marked  with  Pencil  at  the 
top  of  the  Table,  will  Ihew  the  Golden  Number  during  that  Year.. 
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•The  Ufc  of  the  foregoing  Tables. 
To  find  the  Moon's  Age,  on  anygiven  Day,  look  in  the  firft  C6^ 
luttin  ^marked  Gn.  No. )  for  the  Golden  Number,  and  under  the 
Month,  on  the  fame  Line,  ftands  the  Day  of  the  New  Moon ;  then 
count  the  Days  which  have  completely  paffed  fmcc  the  laft  Change, 
and  they  will  be  her  Age  on  the  given  Day. 

Tofnd  the  Time  of  High  Water. 

Look  for  the  Moon's  Age  in  the  Table  of  Times,  and  the  Hours 
and  Minutes  opppfite  to  which  being  added  to  the  Time  of  High 
Water,  on  the  Change  and  Full  Days,  at  any  Hace,  will,  if  it  does 
not^ exceed  12  Hours,  give  the  Time  of  Hjgh  Water  there  in  the 
Afternoon  of  the  given  Day  j  but  if  it  does  exceed  that  Number, 
take  12  from  it,  and  the  Remainder  will  fhew  the  "Time  of  High 
Water  in  the  Morning. 

E    X    A    M    P    L    E      L 
At  what  Time  will  it  be  High  Water  at  London^  April  29^  1796  ? 
Oppofite  1 1  the  Golden  Number,   and  under  April,  I  find  it  wa* 
New  Moon  the  7th  Day  ;  and  reckoning  forward  to  April  29,  gives 
22  Days,  for  the  Moon's  Age. 

Againft  22,  in  the  Table  of  Times,  ftand  4  Hours  36  Minutes, 
to  which  add  3  Hours,  the  Time  of  High  Water  at  London  on  the  Full 
and  Change  i3ays,  and  that  gives  7  Hours  36  Minutes,  the  Time 
of  High  Water  at  London,  in  the  Morning ;  differing  one  Hour 
from  that  found  in  the  firft  Example  by  the  common  Method. 

EXAMPLE  IL 
Required  the  Time  of  High  Water  at  Dover^  O^ober  12,  1 796* 
Oppofite  to  1 1  the  Golden  Number,  and  under  Odober,  I  find  \t 
was  New  Moon  the  ift  Day  ;  reckoning  forward  to  Oftobei  12,  1 
find  the  Moon's  Age  is  1 1  Days  ;  againft  u  in  the  Table  of  Times 
ftand  8  Hours  and  8  Minutes.  This  added  to  10  Hours  30  Miputes, 
the  Time  of  High  Water  on  Full  and  Change  Days  at  Dover,  gives  1 8 
Hours  38  Minutes;  from  which  I  take  12,  and  the  Remainder  6 
Hours  38  Minutes  is  the  Time  of  High  Water  in  the  Morning  at 
Dover  on  the  given  Day ;  differing  from  that  found  in  the  fecond 
Example  by  the  common  Method,  41  Minutes. 

EXAMPLE      IIL 

What  Time  will  it  be  High  Water  at  the  Starts  July  10,  1796  ? 
By  the  Tables  it  was  New  Moon  the  4th  Day,  and  reckoning  for- 
ward to  the  loth,  I  find  there  are  5  Days  completely  paft.     Againft 

5  in  the  Table  of  Fimes,  ftand  3  Hours  2  Minutes,  which  added  to 

6  Hours  the  Time  of  High  Water  at  the  Start,  on  Full  and  Change 
Days,  gives  9  Hours  2  Minutes  that  Time  of  High  Water  in  the  Af- 

•tenioon,  on  the  above  Day;  differing  from  that  given  by  the  former 
MethQd,  58  Minutes. 

2  In 
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In  like  Manner  may  the  Time  of  High  Water  be  found  at  any 
other  Place.  Whoever  will  compare  thefe  Examples  with  the  Me- 
thods ufed  in  other  Books  of  this  Kind,  will  find  a  confiderable  Diff 
iference,  as  they  frequently  give  the  Moon's  Age  feveral  Days,  and  o^ 
High  Water,  Hours  wide  of  the  Truth ;  indeed,  on  Account  of  the 
Irregularities  in  the  Moon*s  Motion,  the  Times  of  her  Change  may 
diiFer  half  a  Day  from  the  Truth  j  and  the  Time  of  High  Water  30 
Minutes,  but  feldom  more^  if  the  Sea  is  not  greatly  influenced  by 
the  Wind. 

The  Tides  do  not  always  anfWer  to  the  fame  Diftance  of  the 
Moon  from  the  Meridian,  at  the  fame  Places,  but  are  varioufly  af^^ 
ifefted  by  the  Aftion  of  the  Sun,  which  brings  them  on  fooner  when 
the  Moon  is  in  her  iirft  and  third  Quarters ;  and  keeps  them  back 
later  when  (he  is  in  her  fecond  and  fourth  Quarters  ;  becaufe,  in  the 
former  Gafe*,  the  Tides  raifed  by  the  Sun  alone  would  be  earlier  xhia 
the  Tide  raifed  by  the  Moon ;  and  in  the  latter  Cafe  later,*  as  may 
be  feen  in  the  Table  of  the  Shifting  of  the  Tides. 

As  the  Nautical  Almanack  is  become  now  of  gerieral  Ufe  in  long 
Voyages,  the  Time  of  High  Water  at  any  Part  of  the  World  may 
be  readily  found,  if  the  Time  making  High  Water  at  Full  and 
Change  be  known  y  for  in  the  fixth  Page  of  each  Month  is  given  the 
Time  of  the  Moon's  PalTage  over  the  Meridian  of  Greenwich  every 
Day:  This  Time  may  be  reduced  to  the  Meridian  of  arty  othet 
Places  by  allowing  i  Hour  for  every  15  Degrees  of  Longitude.  To 
this  Time  add  the  Time  making  High  Water  there,  on  Full  and 
Change  Days,  which  gives  the  Time  of  High  Water  nearly  oil  that 
Day,  if  the  Sum  be  lefs  than  i^  Hours ;  but  if  above,  fubtradl  12 
Hours,  or  14  Hours  from  it ;  obferving,  that  the  Days  in  this  Alma- 
hack  begin  12  Hours  later  than  the  common  Day. 
'  Among  Pilots  it  is  cuftomary  to  reckon  the  Fime  of  Fl6od,  or  High 
Water,  by  the  Point  of  the  Com]^a(s  the  Moon  bears  on  at  that  Timc^ 
allowing  three  Quarters  of  an  Hoiir  for  each  Point.  Thus,  in  Places 
>Vhere  it  is  Flood  at  Noon  on  the  Days  of  Full  and  Change j  the  Tide 
is  faid  to  flow  North  and  Souths  or  at  j2  o' Clock.  In  Places  where, 
the  Moori  bears  ij  2,  3,  4,  or  more  Points  to  the  Eafl  or  Weft  of 
the  Meridian,  when  it  is  High  Water  ort  the  fame  Days,  the  Tide 
is  faid  to  flow  on  fuch  a  Point ;  (0  if  the  Moon  bears  §.  E.  at  Floods 
it  is  faid  td  flow  8.  E.  and  N.  W.  or  3  HoUrs  before  the  Meridian^ 
that  isj  9  o'clock ;  if  (he  bears  S.  W.  it  flows  S.  W.  and  N.  E.  or 
at  3  Hours  after  the  Meridian  *,  and  in  like  Manner  for  other  Points 
of  the  Moon's  bearing,  as  in  the  following  Table.: 

*  See  Fergttfon^i  Afih>n?iiif  • 
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JTable  of  the  Bearings  of  the  Moon  at  the  Time  of  High  tPoM^y 
with  the  Time  ofthofe  Bearings  at  the  following  Places: 

When  the  Moon  bears 


as  follows. 


N.  and 

N.  by  E. 

N.N.  E. 

N.E.byN. 

N.E. 

N.  E.  by  E 
E.  N.  E. 
E.  by  N. 

E. 
E.  by  S. 
E.  S.  E. 

S,  E,  by  E. 

S.E. 
S.E.  by  S. 

U«   0«    hjm 

S.by  E. 
S. 


S.byW, 

S.  S.  W. 

S.W.  byS. 

S.W, 

S.W.byW. 
W.  S.  W; 
W.  byS. 

W, 

W.  by  N. 


W.N.W. 

N.W.byW.fgx 

N.W. 


N.  VV.  bvN. 
N.  N.  W. 

N.  by  W. 

N. 


H. 


iz 


\  3 

3l 
4i 
Si 
6 


9 
9l 


"i 


II 
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Ifte  of  Alderney^  Gibraltar,  Southamp- 
ton, Beachy,  Shcernefs,  a  Sand  called 
Kentifh  Knock,  a  Sand  called  the  Swix>» 
at  the  Mouth  of  the  Thames. 

or  45  Minirtcs  pad  i2y  Roehc^r,  Flufh* 
i     ing,;  Maiden,  Norc. 

{or 30 Minutes paft  i ,  Bell Ifl6y Tininouthy 
Gravefend,  Holyhead, 
{or  15  Minutes  pail  2,  Berwick,-  lilbon^ 
St.  Andrew's,  Couquet. 
{Whitby,    London,    Amilcrdain,    Bottr-» 
dcaux.  Bay  of  Bifcay. 
I  Breft,  HuntclifF,  Ifle  of  Bas,  at  the  Macs 
1      Scarborough. 

InBrefound,  Ulhant,  Scilly,  Cork,  C.Clear^ 
(  Humber  Mouth,  at  the  Spurn,  Torbay, 
(      Start  Point. 

I  Hull,     Wells,    Weymouth,    Ptymouth,- 
(      Ramhead. 
Briflol,  Portland  Road,  Lynn,  Foulnefs,  Foy. 

{Lizard,  Land^s  End,  Falmouth,  Penrjfitiy 
C.  Barfleur. 
{Eddiftone,    Yarmouth,    Needles,     Fly,; 
Dublin,  IfleofEK'w 
C  We  of  Mab,  Ifle  of  Wight,  E.  End,  Cai; 
(      kets,  Caen,  St.  Helen's. 
N.  Foreland,  Dungenefs,  Dunnofe,  Shorehanr 
Dov/ns>  Deal,  Dover,  S..  Foreland. 

{Margate,   Harwich,  Rofe,   Pool,  Porti^- 
moi^th,  Spithead,  Calais. 
{Dunkirk,-  Embaen,    R.-  Elbe,  Coaft  of 
fkmdeM,  Cftcnd. 

Note.;  TJie  Current  in  the  .Downs  gcJncrally  runs  7  |  Hours  to 
the  Northj  and  5  |  Hours  to  the  Southward  ^  at  Dover  thq  Tide  fron*. 
the  Chacmel  runs  Northward  7  |  Hoors  j  and  fronx  the  North  j  H. 
to  M.  at  the  full  and  Change,  of  the  Moon.  The  TWes  fet  in  tho . 
Do.wns  N.  N.  E.  and  S.  8.  W.  Hourly.  It  is  High  Water  at  Lon- 
don 46  Minutes  after  Two  at  FvH  and  Change  by  the  Shore. 

Pilots  reckon  6  Hours  for  a  7  idc,  then^is  {  a  Tide  is  3  Hours,  | 
Tide  is  J  f  Hour,  and  half- quarter  Tide  is  J  of  nn  Hour.  So  that 
if  it  flows  Tide,  half  Tide,  and  quarter  Tide,  it  is  High  Water  at 
half  an  Hour  after  10  ©'Clock,  which  i^  the  Cafe  in  the  Downs  by 
the  Shore. 

The 
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The  Defcription  and  Ufe  of  Had  ley's  Octant^ 
commonly  called  Ha dley's  Quadrant. 

THE  Principles  of  this  admirable  Inftrument  have  been  fo  Well 
demonft rated  by  other  Hands,  that  a  Repetition  of  it  here  feeois 
to  me  unneceflary,  elpecially  to  the  Pradlical  Mariner,  Ifhalltheri^* 
fore  contenj:  mjfelf  with  a  ihort  DefcriptiQnthexeof* 


The  principal  Parts  of  this  Inflrument  arc^ 

The  Index  D 

The  Index  Glafs  E 

The  Horizon  Glaffes  G  and  F 

The  dark  Glaffes,  or  Screens  H 

The  Sight  Vanes  K  and  G 

The  graduated  Arch  B  C  contains  only  45  Degrees,  or  is  tht 
Eighth  Part  of  a  Circle,  but  is  to  be  efteemed  as  90°,  and  fo  divided, 
bec^ufe  by  the  double  Refledlion  the  Angle  is  doubled. 
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The  Divifions  run  P?  lo,  20,  &c.  to  90  as  in  the  Figure,  each  DgL- 
gree  is  divided  into  3  rarts  of  10  Minutes  each,  which  by  the  Help 
of  the  Vernier,  or  Divifions  on  the  Index,  is  again  fubd9\^ided  intp 
Minutes  of  a  Degree,  thus :      4    "* 

The  Index  D  is  a  flat  Bar  moveable  on  the  Centre  of  the  Ini^ir^ 
ment,  that  Part  of  the  Index  that  Aides  over  the  graduated  Arch  hav- 
ing the  iirft  and  lafl-  Divifions  thereon  correfpondjng  to  thofe  on  the 
/^rch,  is  called  the  Vernier  or  Nonius,  and  which  divides  every  Suh- 
^ivifion.  on  the  Arch  in  Minutes,  thus,  7  Divifions  on  the  Nonius 
beingdiyided  into  20  Parts,  it  is  evident  the  Difference  between  the 
firft  Divifions  on  the  Arch  and  on  the  Nonius  is  ^  of  one  of  the 
Sub-divifions  on  the  Arch,  or  i  Minute,  becaufe  7°  there,  is  divided 
into  21  Parts,  being  one  in  20  greater  than  on  the  Arch.  The  Dif- 
ference of  the  two  firft  Divifions  will  be  2^,  and  the  Difference  of 
the  three  firft  3,  and  fo  on;  herxe  it  will  iarife,  that  in  whatever 
Divifions  on  the  Vernjer  and  Arch  cut  one  another  the  peareft,  the 
Vernier  will  indicate  how  many  Minutes  above  the  next  Sub-divifion 
Recording  as  it  is  numbered  to  right  or  left  thereof.  On  the  Bottom  of 
the  Index  againft  the  Back  pf  thp  Arch  is  a  Scre\v  made  to  fix  fafl 
the  Index  when  required.  "^ 

The  Arch,  as  before  obferved,  is  divided  into  90  Degrees,  num-. 
bered  o,  10,  20,  30,  &<i.  and  each  Degree  into  3  Parts,  each  20  Mi- 
nutes, and  is  to  be  rpad  thus:  id.— id.  20m.-!— id.  40m. r— 2d. — 2d. 
20m.-r-^d.  40m. — 3d.  &c.  obferving  to  read  to  the  Divifion  that  the 
p,  or  diamond-like  Point,  of  the  Noniqs  laft  paffed  over;  then  the 
Nonius  will  give  the  Number,  of  Minutes  more,  to  be  added  to  the 
Divifion  laft  pafted  by  the  Nonius.  Thus,  fuppofe  the  o,  or  A  of 
the  Nonius  has  pafTed  over  15  Degrees  and  two  Parts  or  i5d.  40m. 
and  ftands  fpmewhere  between  ijcH  40m.  and  i6d.  then  obferve  what 
Pivifion  or  Line  on  the  Nonius  poincides  with  aiiy  Divifion  or  Line 
on  the  Arch,  that  Number  on  the  Nonius  will  be  the  Minutes  to  be 
adddd  tp  I5d.  40m.  Suppofc  15  on  the  Nonius  touches  fome  Divi- 
fion on  the  Arch,  then  15m.  muft"be  added  to  i5d,  40m^  and  the 
Angle  or  Altitude  meafured  will  be  I5d.  55m. 

The  Index  Glafs  E  is  a  Piece  of  Glais  truly  ground,  filvered  on 
the  Back  and  fixed  in  a  Brafs  Frame,  perpendicularly  to  the  Index^^ 
•its  Ufe  is  to  receive  the  Rays  proceeding  from  any  Objeft,  and  reflect 
^em  to  the  Horizon  Glaffes  F  and  G ;  at  the  Back  of  the  Braf$  " 
Frame  of  this  Glafs  are  two  Screws,  ferving  to  adjuft  the  Frame  per- 
pendicularly to  the  Index. 

The  Horizon  GlafTes  F  and  G  are  fmaller  Pieces  of  ground  Glafs, 
gne  Part  of  which  is  filvered  and  the  other  Part  open  or  unfilvered, 
in  order  to  look  at  an  Objecl  through  it ;  thefe  are  fet  in  Frames  ancf 
placed  perpendicularly  on  the  Limb  at  G  and  F  i  their  Ufe  is  to  re- 
ceive the  Rays  of  any  Objeft  refleded  from  the  Index  Glafs,  and 
again  to  refleft  thofe  R^ys  to  the  Eye  through  the  Holes  of  the  Sight 
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To  adjuji  the  ^adrani. 

Firft,  The  Index  Glafs  muft  be  perpendicular  to  the  Plane  of 
the  Quadrant,  which  if  not,  you  may  thus  difcover ;  hold  the  Plane 
of  the  Quadrant  in  a  Horizontal  Pofition,  with  the  Index  Glafs 
near  the  Eye,  look  right  down  the  Quadrant  in  fuch  a  Manner  as  ta 
fee  the  Arch  of  the  (Xu24rant  direfl:,  and  at  the  fame  Time  refledod 
by  the  Index  Glafs ;  then  if  the  Arch  feen  direft  together  with  it^ 
reflefted  Image  appear  to  be  in  one  Line,  the  Index  GJafs  is  truly 
adj^fted,  if  not  it  muft  be  Te&i&td  by  Means  of  the  Screws  placed  at 
the  Back  of  the  Index  Glafs ;  it  is  eafy  to  difcover  which  Way  the 
Inclinajtion  is  by  preiOing  the  Index  Glafs  with  your  Thumb  while 
you  obferve  the  Arch. 

Secondly,  The  Axis  of  the  Horizon  Glafs  muft  be  parallel  to  the 
Axis  of  the  Index  Glafs,  if  not  the  trror  is  eafily  difcovered  and 
redified  in  the  Fore  Horizon  Glafs  when  the  Index  Glafs  is  adjufted, 
thus :  bring  O  on  the  Nonius  nearly  to  O  on  the  graduated  Arcfa, 
and  look  direSly  through  the  Sight  Vane  at  the  Moon  or  any  bright 
Star,  fo  as  to  fee  the  reflefted  Image  in  the  Horizontal  Glafs,  and 
the  Object  at  tljefame  Time  through  the  unfilvered  Part,  then  move 
the  Index  backwards  and  forwards  flowly,  and  obferve  if  both  Images 
coincide  or  pafs  behind  one  another,  which  if  they  do,  the  Axis  of 
bpth  are  parallel,  which  if  not  you  fhould  nicely  adjuft  by  the  tvm 
Screws  pl^ed  on  the  Top  Block  of  the  Horizon  Glafs. 

If  a  fmall  Piece  of  coloured  Glafs  fet  in  Brafs  be  made  to  turn 
round  to  the  Sight  Vane  occafionally  to  guard  the  Eye,  and  the  Screws 
turned  back,  the  lame  Corre£tion  may  be  made  by  uflng  the  Sun  la- 
jftead  of  the  Moon  or  Star. 

To  take  the  Altitude  of  the  Sun  by  the  Fore  Ohfervatton^ 

The  Sun's  Image  at  any  Time  when  not  much  obfcured  by  Clouds 
may  be  feen  as  refleded  from  the  unfilvered  Part  of  the  Horizbn 
Glafs,  by  looking  through  the  Hole  in  the  Sight  Vane  ;  having  put 
the  Screens  down  to  guard  the  Eye,  hold  the  Inftrument  vertical,  and 
burning  towards  the  Sun,  dire£i:  the  Sight  to  that  Part  of  the  Horizoa 
beneath  the  Sun,  and  moving  the  Index  you  may  bring  down  the  red 
Image  of  the  Sun  towards  the  Horizon  ;  if  the  Sun's  Image  (hould  be 
faii)t  ypvi  ipay  n*rn  back  the  Screens,  and  you  cannot  mifs  it. 

Having  brought  down  the  Sun's  Image  near  the  Horizon,  fwing 
the  Quadrant  backwards  and  forwards,  making  your  Eye  the  Centre 
of  Motion,  and  keep  moving  the  Inde^  at  the  iame  Time  till  the  Sun^s 
lower  Edge  juft  touches  the  Horizon,  and  you  will  have  the  Apparent 
Altitude  of  thi  Sun's  jo wer  Limb  upon  the  Arch  of  the  Quadrant 
^t  that  Inftant.  But  this  Altitude  is  greateft  at  Twelve  o'Clock, 
>vhen  the  Sun  is  on  the  Meridian,  from  which  the  Latitude  is  de«- 
termined  j  much  Time  will  be  faved  if  you  have  a  good  Watch  well 
fegulated  to  tcjjyou  within  a  Minute  or  two  when  to  begin  your  Ob- 

fervatiop, 
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fervation,  but  this  Apparent  Altitude  requires  the  four  following  Cor« 
re£tions : 

Firft^  The  Index  Error,  if  any,  to  be  added  or  fubtmfted. 

Secondly,  The  Dip  of  the  Horizon. 

Thirdly,  The  Sun's  Semi -diameter  and  Refraftion, 

Thele  four  Corredions  are  necefiary  to  find  the  tiue  Altitudei^ 
the  Sun's  Centre  nearly,  the  Correction. for  the  Sun's  Parailax^be- 
ing  fo  fmaliy  that  it  may  always  be  negleded  in  determining  the 
Latitude. 

The  Back  Obfervation  is  managed  the  fame  as  the  Fore  Obferva* 

>ticn,  only  your  Back  muft  be  turned  towards  the  Sun,  andthe  Screens 

ihifted  to  the  back  Horieon  Olafs,  remembering  to  fubtrad  the  Sun'^ 

>kmi -diameter  (if  the  Apparent  lower  Limb  be  taken)  and  add  the 

-I>ip,  iubtraAiog  the  EffcA  of  Refradlion,  and  you  will  have  the 

Altitude  of  .the  Sim's  Centre. 

The,  Gorreftion  for  the  Index  Error  is  thus,  turn  down  thefmaU 
Knob  of  Brafs,  placed  on  the  Limb,  to  hinder  the  Index  from  go* 
ing  oS  the  Arch,  as  it  may  be  in  the  Way,  This  Correftion  may 
be  accurately  eftimated  by  takirtg  the  Diameter  of  the  Sun,  Moon^ 
or  any  ObjeA  before  and  behind  O  on  the  Arch,  that  is,  bring 
the  upper  Limb  of  the  Obje<£t  to  coincide  with  the  lower,  and  note 
tfie  Angle,  then  take  it  on  the  extra  Arch,  as  it  is  called,  that  is^ 
bring  the  lower  Limb  to  coincide  with  the  upper,  and  note  the  An- 
gle, half  the  Difference  of  thefe  two  Angles  will  be  the  true  Qorrec« 
ition  of  the  Index  ]£rror. 

EXAMPLE. 

Suppofe  the  Sun's  Diameter  meafures  36  on  the  Arch^  and  z'S  ia 
the  extra  Arch.  The  Difference  is  8'  half  which  is  the  Error  tQ 
he  fubtra«5led,  becaufe  the  Diameter  meafures  more  on  the  Arch,  or 
gives  the  Sun's  Diameter  too  much,  but  had  the  extra  Af^b  givca 
the  greater  Angle,  the  Error  would  have  been  additive. 

To  take  the  Altitude  of  the  Moon^ 

The  Moon's  Altitude  may  be  taken  either  by  the  !Forc  or  Back 
Obfervation  exa(ftly  in  the  fame  Manner  as  the  Sun's  Altitude,  only 
here  you  muft  bring  the  Edge  of  the  Moon  into  Contaft  with  the  Ho« 
rizon,  which  is  round  and  well  defined,  whether  that  be  the  upper  or 
under  Edge  :  the  Corredions  to  be  applied  to  the  obferved  Altitude 
arc  as  follows : 

Firft,  The  Index  Error  as  before  dire£lcd. 

Secondly,  The  Dip  to  be  fubtrafted  in  the  Fore  QI)fervation>  and 
to  be  added  in  the  Back  Obfervation. 

Thirdly,  Semi- diameter  to  be  found  in  the  Nautical  Ephemeris  for 
every  Noon  and  Midnight  at  Greenwich  ;  if  verv  great  Accuracy  is 
required  this  Semi-diameter  muft  be  correfted  for  the  intermediate 
Time :  virhich  being  added  to,  or  fubtrafted  frorh  the  obferved  Alti- 
tude, will  give  the  Apparent  Altitude  of  her  Centre. 

Fourthly, 
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Fourthly,  Parallax  and  Refraftion* '  The  Moon's  Horizontal  Pa- 
rallax for  every  Noon  and  Midnight  at  Greenwich  is  to  be  found  in 
the  Nautical  Ephemeris.  This  muft  be  corrected  for  the  interme-^ 
diate  Time ;  then,  take  the  Proportional  Logarithm  of  the  Moon'# 
Horizontal  ParaUax  out  of  the  Nautical  Almanack,  increafe  its  Index 
by  io>  and  fubtradi  the  Log.  Co-fine  of  the  Moon's  Apparent  Al- 
titude from  the  Sum  ;  the  Remainder  will  be  the  Proportional  Loja« 
dthm  of  her  ParaUax  in  Altitude;  from  which  take  the  Moon's  Re-* 
fraSion,  (Table  5)  and  the  Remainder  will  be  the  Correftion  of 
the  Moon's  Altitude,  which  being  added  to  her  ApparentAltitude, 
ivill  give  the  true  Altitude  of  her  Centre. 

To  take  the  Jltitude  of  a  Star  by  the  Fore  Obfervation. 

Set  the  Index  at  0>  and  holding  the  Plane  of  the  Quadrant  vertical 
dired  the  Sight  to  the  Star,  and  at  the  fame  Time  look  for  the  re-^ 
fleiSied  Image  of  the  Star  in  the  filvered  Part  of  the  Horizon  Glafs  i 
move  the  Index  a  little,  which  will  feparate  the  refleded  Image  from 
the  direct  Image,  the  former  will  be  eafily  diftinguiflied  from  the  lat-^ 
ter  by  its  Motion,  when  you  ftir  the  Index ;  continue  to  advance  the 
Index,  and  at  the  fame  Time  follow  the  refleded  Image  of  the  Star 
ivith  your  Eye,  direfting  the  Sight  lower  and  lower,  and  changing 
the  Pofition  of  the  Quadrant  or  0<5tant,  as  the  Image  of  the  Star  de- 
fcends,  till  you  have  brought  it  down  to  the  Horizon^  the  Index  will 
then  Ihew  the  obferved  Altitude  of  the  Star.  The  Corrections  to  be 
applied  to  the  obferved  Altitude  of  the  Star  are,  firft,  the  Index  £r- 
l*or;  fecondly,  the  Dip,  thefe  two  give  the  Apparent  Altitude  j- 
thirdly,  the  Refraftion,  which  gives  the  true  Altitude ;  the  fixed  ■ 
Stars  have  neither  Semi-diameter  nor  Parallax  worth  Notice. 

In  taking  the  Altitude  of  a  Star,  or  the  Moon,  by  Nighty  always 
get  as  near  the  Water  as  poiSblcj  in  eafy  Weather  a  Grating  may  be 
flung  over  the  Ship's  Side,  and  an  Obierver  fit  upon  it  to  take  the 
Altitudes ;  the  fame  may  be  done  to  takip  the  Altitude  of  the  Sun  in 
an  hazy  Horizon  5  for  the  nearer  the  Eye  is  to  the  Surface  of  the  Wa- 
ter, die  nearer  the  true  Horizon  will  be  to  the  Eye^ 

Advice  to  Seamen  in  the  Choice  of  their  ^adrantsor  Sextants • 

The  Joints  of  the  Frame  muft  be  clofe  without  the  leaft  Open- 
ing or  Loofenefs,  and  the  Ivory  on  the  Arch  and  Nonius  inlaid  and 
fixed,  fo  as  not  to  rife  at  the  Ends,  nor  above  the  Platte  of  the  Inftru- 
tnent;  all  the  Divifions  on  the  Arch  and  Nonius  muft  be  exceeding 
fine  and  ftraight,  ib  that  when  the  Index  or  Nonius  is  fet  to  any  Di^' 
vifion  on  the  Arch,  the  Divifions  on  the  Line  that  coincides  may  ap-' 
pear  diftindl^  for  only  the  firft  and  laft  Line  on  the  Nonius  will  coin** 
cide  with  other  Lines  upon  the  Arch,  if  the  Quadrant  is  well  diyid^ 
ed  J  Jikewife.  try  in  different  Parts  of  the  Arch,  if  the  Nonius,  or 
Index  Plate  cuts  regularly  in  Order  with  thofe  on  the  Arch,  if  they 
do  not  the  Divifions  are  bad,  and  the  Quadrant  pught  to  be  reJ6(^ed^ 

Again,  Look  into  the  great  Speculum  or  Index  Glafs  flant-.ways, 
holding  it  about  ttti  or  twelve  Inches  from  the  Eye,  and  obferve  the 
Image  of  fome  diftant  Objedt  j  if  the  Image  appears  clear  aod  diftinfifc 
in^vcry  Part  of  the  Glaft,  the  Speculum  is  good  j  but  if  it  appears 
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notched,  or  drawn  with  fmall  Lines,  the  Glafs  is  veiny,  and  muft  be 
tejefted ;  if  more  Images  than  one  of  the  fame  Objeft  are  feen,  it 
(hews  that  the  two  Surfaces  are  not  ground  Parallel ;  the  other  Spe- 
culum maybe  examined  iri  the  fame  Manner. 

OBferve  the  Sun  or  a  Candle  through  the  dark  Glaffes  feverally,- 
holding  the  Glafs  about  eight  or  ten  Inches  from  the  Eye ;  if  they  arc? 
veiny  the  Objed  will  appear  notched  at  the  Edges,  but  if  clear  and 
well  defined,  the  Glaffes  are  good: 

Moft  People  prefer  black  Ebony,  on  Actotint  of  its  Weight,  but 
I  have  fouiid  by  Experience^  that  good  Mahogany  takes  the  Glue^ 
and  ftands  the  Heat  better. 

Quadrants,  like  Watches^  may  a()pciir  well  to  the  Eye,  and  yet 
be  good  for  little ;  it  is  therefore  much  better  to  give  two  Guineas 
and  an  Half,  or  three  Guineas^  for  a  good  one,  that  will  laft  a  Mari 
for  Life^  than  purchafe  thofe  wretched  Inltruments  mSkle  up  at  a  16w 
Pricey  which  Cannot  be  depended  dn. 

0/the  Dip  ana  Kefra£lion. 

The  Rays  of  LightinpaiEng  through  the  Atmbfphfcre  are  bfent  but 
of  their  ftraight  Courfe  into  a  curve  Line ;  arid  hence  it  happens  that 
all  the  Heavenly  Bodies;  except  when  they  Jire  in  the  Zenith,  appear 
higher  than  they  ought  to  do,  and  fo  much  the  more  the  hearer  they 
are  to  the  Horizon.  This  apparent  Elevation  of  the  Heavenly  B6- 
dles  above  their  true  Height  is  called  the  Refradlion  of  Objefts  ;  and 
the  Quantity ,or  EfFeft  of  it,  according  to  the  ditJerent  Altitudes  of 
Objects,  has  been  carefully  ohferved  by  emineht  Afti-onohners^  and 
muft  always  be  fubtra6ted  from  the  Apparent  Altitude,  but  added  to' 
the  apparent  Zenith  Diftance  of  an  Objcdt  with  whatever  Inftru-^ 
ment  the  Obfervation  is  made,  in  order  to  obtain  its  true  Altitude  ot 
Zenith  Diftance. 

That  the  Correftions  of  obierved  Altitudes  of  Obje<2s^  both  oii 
Recount  of  the  Dip  of  the  Horizon  and  the  Refradion  of  their 
Light,  may  appear  at  one  View/  they  lire  both  exhibited  together 
in  Tables  5  "and  6» 

!Ji  work  an  Ohferoaiion^  or  to  find  th  Latitude  of  a  Pl(ice  by  the  Tables 
of  the  Sun  or  Star's  Declination  and  the  Zenith  Dj/iance. 

The  Latitude  of  any  Place  is  its  Diftahce  from  the  Eiji^atofi  ei- 
ther North  or  South,  counted  in  Degr^es^  &c.  lipon  an  Arch  of  the 
Meridian,  contained  between  the  Zenith,  of  that  Point  difedfly  over 
J^our  Head  and  the  Equator.  It  can  never  exceed  90  Degrees,  and 
is  found  by  taking  the  Altitude  or  Height  of  the  Sun  Or  Star  above 
the  Horizon  of  the  Sea  with  a  Quadrantj  when  on  the  Meridiah  of 
due  North  or  S;)iith  of  the  Place  of  Obfertration. 

This  Meridian  Altitude,  correftcd  for  Dip  of  the  Horizon^  and 
Refraction,  and-  16  Minutes  the  Sun's  Semi-di^meter  added  therctio^ 
gives  the  Altitude  of  his  Centre,  which  being  fiibtrafted  from  96** 
Halves  the  Zenith  Diftance  or  the  Number  of  Degrees^  &t:.  ^e  Cen- 

U9 


OF    HADLEY's    Q^UADRANT, 


nt 


tre  of  the  Obje<3:  is  from  the  Point  over  your  Head ;  with  whicb^ 
and  knowing  how  far  thef"  Objed  is  to  the  North  or  South  of  the 
^Equator,  which  is  called  Dedination,  the  Latitude  is  found  by  ^ 
Meridian  Altitude  of  any  deleftial  Obje£t  as  follows : 

Firft,  If  the  Sun  or  Star  be  South  when  observed,  call  tbe  S^enith 
Diftance  South  ;  but  if  North,  call  it  North* 

Then  if  the  Zenith  Diftance  and  Declination  be  of  contrary 
Names ;  that  is^  if  the  Sun  or  Star  comes  to  the  Meridian  in  the 
North,  and  hath  Sputh  Declination)  or  to  the  South,  and  hath  North 
Declination,  the  Zenith  Diftance^  added  to  the  Declination,  gives 
the  r^atitude  of  the  Place  of  Obfervation ;  and  of  the  fame  Name  the 
Declination  is  of,  whether  North  or  South* 

Secondly,  When  the  Zenith  Diftance  and  Declination  are  of  the 
fame  Name }  that  is^  when  the  Sun  or  Star  comes  to  the  Meridian  m 
the  North,  and  hath  Norths  Declination;  or  to  the  South,  and  hadi 
South  Declination,  fubtraftthe  Lcfler  from  the  Greater,  and  the  Re- 
mainder is  the  Latitude  ;  and  to  know  whether  it  is  North  or  South 
to  obferve  this  general  Rule  : 

When  the  Declination  is  greater  than  the  Zenith  Diftance^  the 
Latitude  is  of  the  fame  Name  with  Declination ;  but  if  lefs,  of  a  con^ 
trary  Name. 

Note.  Firft,  When  the  Sun  or  Star  is  on  the  Equator,  or  hath  no 
Declination,  the  Zenith  Diftance  is  the  Latitude  of  the  Place^  and 
of  a  contrary  Name  to  the  Zenith  Diftance. 

Secondly,  When  the  Sun  or  Star  is  in  the  Zenith,  the  Declination 
is  the  Latitude,  and  of  the  fame  Name  as  the  Declination  is  of.  For 
it  is  evident,  that  as  they  are  equally  diftant  from  the  Equator,  and 
on  the  fame  Side  of  itj  confequently  if  the  Declination  be  North^ 
the  Latitude  Will  be  alfo  North,  and  if  South^  South* 

E    X    A    M    P    L    E      L    and  IL 

Being  at  Sea  2±ih  July,  t^gS,  the 
Meridian  Altitude  of  the  oun  was* 
27*»  13'  being  North  of  me,  required 
the  Latitude  m? 


Being  at  Sea  May  27,  1796,  the 
Sun's  Meridian  Alt.  was  foand  to 
to  be  57**  35',  and  it  was  South  of 
me,  what  Latitude  was  I  in  ? 
90° 
57 


Meridian  Altitude 


-'^  00' 
35 


Mcridiau  Altitude     r: 


90^ 
^7 


00' 

I3N. 


Zenith  Diftance       =±       32 
Sun's  DeclL  in    Table  7 
fof  May  27,  is  J  *' 


2584 
28N 


Zenith  Diftance        =s       62    47  N 

Sun's  Decli.  in    Table  7  .       ,   t^ 

for  July  24  r^    ^^ 


XatitHdeiu  s  g^    53N.    Latitude  in 


43    05  & 
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Example  III.  Example  IV. 

Being  at  Sea  January  14,    1796,  BeingatSeathc4thofMajr,  1796, 

the  Sun's  Mer.  Altitude  was  found  I  obfcrvcd  the  bright  Star  Fomelhaut 

'ji^  17'  South,  what  was  the  Lati-  27^  21' above  the  Horizon  of  the  Sea, 

fade  of  the  Place  of  Obfervation  ?  and  it  was  Sooth  of  me,  required  the 

90^  00'  Latitude  in  f 
Meridian  Altitude            72    17 

— Meridian  Altitude 

Zenith  Didance       =       17    43  S. 

Sun's  Decli.  Jan.  14,  is     21     1 8  S.  Zenith  Diftance 


Latitude  in  =:  3    35^. 


Fomelhaut's  Decl. 
Latitude  in  = 


90« 
27 

21 

62 
30 

39^- 
42  S. 

31 

s^K. 

*  In  this  Cafe,  it  is  phin  the  Obfer- 
ver  was  between  the  Sun  and  the 
Equator. 

Note.  Jlie  Declination  here  is  fitted  to  the  Year  1796. 
The  foregoing  Rules  are  for  obferving  by  the  Sun  or  Stars  when 
fhey  are  at  their  greateft  Altitudes,  or  upon  the  Meridian  above  the 
Pole,  but  as  in  feme  Parts  of  the  Earth,  the  Sun  does  not  fct  for  fe- 
veral  Days,  and  fome  Stars  never  fet,  in  that  Cafe  they  may  be  ob- 
ferved  upon  the  Meridian  tv^^ice  in  24  Hours,  that  is,  once  it  their 
greateft  Height  as  before,  and  again  when  they  are  at  their  lowell  or 
upon  the  Meridian  below  the  Pole,  to  work  which  Obfervations, 
take  the  following 

.  Rule.  Add  the  Complement  of  the  Declination  to  the  Meridian 
Altitude,  the  Sum  is  the  Latitude  of  the  fame  Name  with  the  De-^ 
cUoation* 

EXAMPLKV. 

At  Sea  I  took  the  Altitude  of  the  North  Pole  Star,  when  on  the 
Meridian  below  the  Pole,  and  found  it  46°  21',  required  the  Lati* 
tude? 

Meridian  Altitude  46''2i'N. 

Compl.  Declination  i  47  N. 

The  Latitude  in  =         48     8  N. 


In  the  following  Examples  the  Corre6lions  for  Dip  and  RefraiSlion 
are  introduced. 

Note.  As  all  the  Calculations  are  for  1796,  thofe  that  teach  by 
this  Book,  wiU  do  well  to  furnilfa  theinfelvo^  in  time  with  the  above 
Almanack. 


EXAMPLE 
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Example  Vm. 
i  Suppofe  the  Eye  oF  an  Obfervcr 
at  35Tectabove  the  Water  Ihould 
with  Hadley's  Quadrant,  by  a  fore 
Obfervation,  find  the  Alt.  of  Sirias 
5  ^  3S'  ^«  ^^cn  it  pailed  die  Meridian, 
aving  before  hand  fet  his  Watch,  and 
found  the  Time  of  Sinus  Pafi^age,  re- 
quired the  Latitude  of  the  Pkce  of 
Obfervation. 

Obf.  Alt.  ofSirius       SS^'SS'   <>* 
Dip  of  Horizon  to  befubr,  05  39 

App.  Alt.  above  Hor.  53  29  2  c 
Refradion  to  be  fubt.  42 


EXA^MPI^E  VL 

^y  a  fore  Obfervacion,  the  Alt.  of 
the  dun's  lower  Limb  was  found  by 
Hadley's  Quadrant  to  be  40*  20'  S. 
when  his  Declination  was  9°  56'  N. 
the  Eye  being  30  Feet  above  the  Ho- 
rizon. Required  the  Latitude  of  the 
Place  ? 

Obf.  Alt.  Sun's  lower  Edge  40°  20' 
Scfni-diameter  to  be  added        1 6 


I 


App.  Alt,  Sun's  Centre        40  36 
Dip  of  Hor.  to  be  fubtraded      05 

App.  Alt.  corrected  by  Dip  40  3 1 
Refraftion  to  be  fubtraded       01 


True  Alt.  of  Sun's  Centre  40  30 
Zenith  Diftance  49  30  S. 

Declination  9  56  N. 


TrueAlt.of  Sirius        ^^  28  39 


True  Zenith  Diftance 
Sirius's  Declination 


$6  31  21  S. 
16  26  47  S. 


Latitude 


59  26         Latitude 


20  04  34  N. 


ExAMPLf  VIT. 
By  a  back  Obfervation  with  Had- 
ley's Quadrant,  the  App.  Alt.  of  the 
Sun's  lower  Edge  was  2  5  ?  1 2'  S.  when 
his  Declination  was  2 1  **  14'  S.  and  the 
Eye  40  Feet  above  the  Horizon,  in 
what  Latitude  was  the  Obfervation 
made  ? 

Obf  Alt.  Sun's  lower  Edge  25°  1 2'  S. 
Semi-diam.  to  be  fubtraded      1 6 


App.  Alt.  Sun's  Centre       24  56 
Dip  of  Hor.  to  be  added  06' 

App.  Alt.  correft  by  the  Dip  2  j  02 
Kefradion  to  be  fubtraded . .     oz 


True  Alt.  Sun's  Centre       2  5  00 
True  Zenith  Diftance         6^  30  S. 
Declination  21   14  S. 


Latitude 


43  46N, 


Example.  XL 
Suppofe  on  the  12th  June  1796,  an 
Obferver  in  an  high  Northern  Lat. 
and  6  J**  Weft  of  London,  his  Eye  be- 
ing 28  Feet  high,  obferved  the  Alt. 
of  the  Sun's  lower  Limb  on  the  Meri- 
dian below  the  Pole  <<^b^  -ir  rip^ 
by  a  fore  Obfervation  with  Hadley's 
Quadrant.  Required  Che  Latitude  ? 
The  Sun  being  obferved  below"  the 
Pole,  it  muft  have  been  at  12  Hours 
paft  Noon  at  the  Place  of  Obfervation, 
and  that  Place  being  6^°  W.  of  Lon- 
don :=  4  Hours  20'  later  than  at  Lon« 
don,  therefore  it  muft  have  been  1 6h» 
20'  paft  Noon  at  London.  \ 
*June  12, 1796,  the  Sun's  Declina- 
tion 23^*  13'  46^'  the  daily  Variation 
is  j^  1 2" :  And  as  24h.  3'  12"::  i6h, 
20' :  2'  I  r  ',  which  added  to  23*  i^', 
46"  (becaufe  the  Declination  is  in^ 
creafing) gives 23 «  id',  the  Sun't De- 
clination at  the  I'ime  and  Place  of 
Obfervation  nearly. 


*  See  Nautical  Almanack  for  1796* 
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IS6        Of  the  variation  of  the  COMPASS. 

App.  Ak.  Sun's  lower  Limb  8^  15'  S, 

Semi-diameter  Added  10 

App«.Alt.  Sun's  Centre 
*     pip  Horizon  fubtni£ted 

Sttn's  Alt  corre^ed  by  Dip 
Refradton  to  be  fubtraSed 

True  Alt.  of  Sun's  Centre 
'  Complete  Sun's  Declination 

Latitude  in  75    04  N, 


Of  the  Variation  of  the  Compass* 


THE  Variation  of  the  Compafs  is  an  A^ch  of  the  Horizon  con-t 
tained  between  the  Meridian  of  the  Place  and  the  Magnetic 
Meridian,  and  is  either  Eaft  or  Weft  j  or  it  is  the  Number  of  De- 
grtf  r,  ftcT  Ae  Needle's  Point  ftands  from  the  true  North  or  South 
Points  of  the  Horizon,  reckoned  to  the  Eaft  ward  or  Weftward,  an4 
is  readily  found  either  from  the  Sun's  Amplitude  or  Azimuth, 

To  find  the  true  Amplitude. 

The  Son's  true  Amplitude  is  an  Arch  of  the  Horizon  compre^ 
hendcfd  between  the  true  Eaft  or  Weft  Points  thereof,  and  the  Cen-f 
txz  of  the  Sun  at  its  rifmg  orSctting  5  or  it  is  the  Number  of  De* 
grees,  &c.  the  Sun  rifes  or  fets- to  the  Northward  or  Southward  of 
XHt  Eaft  or  Weft  Points  of  the  HorijJOn. 

The  Sun's  Magnetic  Amplitude  is  the  Number  of  Decrees,  Uc. 
the  Centre  is  Northward  or  Southward  of  the  Eaft  or  Welt  Points  of 
the  Compafs  at  his  Rifing  or  Setting,,  and  is  found  with  an  A?<iniuth 
Gompafs  in  the  following  Manner  : 

Move  the  Box  about  tiH  the  four  Cardinal  Points  of  the  Card 
coincide  with  the/our  Lines  in  the  Sides  of  the  Compafs-Box  :  Keep 
the  Box  fteady,  and  turn  the  Index  till  the  Centre  of  the  Sun  at  Rif- 
ingor  Setting,  when  His  lower  Edge  juft  touches  the  Horizon  is  feen 
through  both  the  Sights  5  then  the  Degrees  between  the  North  Point 
of  the  jCompafs,  and  the  End  of  the  Index  pointing  to  ^C  SuJn>  will 
be  ^e  M^gn^tic  AippUtudc  ^iveq. 


Of  the  variation  of  t-he  COMPASS^        ijy 

The  true  Amplitude  is  found  either  by  Inipedion  in  the  Tables  of 
ifae  Sun's  Amplitude^  or  by  Calculation  as  fc^ows ; 

SL  U  1/  £•  As  the  Sine  Complement  of  the  Latitiidc 
Is  to  Radius, 

So  is  the  Sine  of  the  Sun  or  Star's  Declinatioii 
To  the  Siqe  of  the  true  Amplitude ; 

Which  is  always  gf  the  fame  N^Q^  with  the  Declination,  whether 
North  or  South. 

Or,  to  the  Secanf  of  the  Latitude,  (rejcfting  the  Index)  .add  the 
J^og.  Sine  of  the  Sun's  Declination,  the  Sum  will  b«  the  Log.  Sin» 
of  the  true  Amplitude, 

NoTP.  The  Arithmetical  Complement  of  the  Co-Sinie  of  anjr 
Arch  is  alwajrs  equal  to  the  Secant  of  that  Arch,  throwing  awaj 
Radius,  or  negleding  one,  which  ilands  the  iirft  Figure  in  the  Se-r 
cant's  Index ;  likewife  the  Arithmetical  Complement  of  the  Sine  of, 
any  Arch,  is  the  Co-Secant  of  that  Arch  lefs  Radius,  or  the  firftFi^ 
gure  of  its  Inde^if :  Wherefore,  the  Arithmetical  Complement  of 
the  Sine  or  Cp-fme  of  any  Arch  is  found  in  the  Table  of  Secants  by 
Infpedtion, 

E    X    A    M    P    L    E      I. 

On  the  20th  of  Odlober,  1781,  in  Latitude  51**  32' N.  t  demand 
the  true  Amplitude  ? 

As  Sine  Com,  Lat,  ji?  32'  9,79383  |  Or  thus: 

I^  to  Radius  io,oocoo    Lat.   51°  32' N.  Secant        0,20617 


So  is  Si.  S's^  Dec.  lo**  34'  S.  9,26335 
To  Si,  of  true  Amp.  i7«  ^  9,46952 


DccL  10  34  S.  Log.  Sine    9,263.3]: 
True  Amp,  17  ^  South  39  ^»^$t> 


EXAMPLE      IL  . 

In  Latitude  38^  25^  N.  what  is  the  Sun's  tru^  Amplitude  wbea 
the  Declination  is  18°  59'  N. 


As  Sine  Com.  Lat.  38°  ^5'  9,89405 
Is  to  Radius  10,00000 

So  is  Sun's  Dec!.  18.59         9,51227 

To  Sun's  frue  Amp.  2^^  ^2'  9^61822 


Or  thus : 
Lat.  38^  25'  N.  Secant        0>i059j^ 
Decl.  18  59  N.  Log.  Sine    9,51227 

Log.  Sine  24  32  true  Am*  N.  9,61 822 


^$  find  the  true  Amplitude  by  the  Table  of  Amplitudes^  (Table  I2.)  . 

Look  for  the  given  Declination  at  the  Top  of  the  Table,  and  the 
I^itude  in  the  firft  CcJumn  on  the  Left  Hand,  in  the  common 
Angle  of  Meejjng,  will  be  the  Degrees  aqd  Minutes  of  the  Ampli- 

example; 
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E    X    A    M    P    I,    E      I. 

In  Latitude  40*"  N.  when  the  Declination  was  17"*  N.  required  die 
Sun's  true  Amplitude  at  Rifing  ? 

Under  Declination  ify  and  right  againft  the  Latitude  40**,  ftand 
%2^  26'  the  true  Amplitude,  and  i&  to  be  counted  from  the  Eaft  to- 
wards the  North,  becaufc  it  is  at  the  Sun's  Rifing,  and  the  Decli- 
nation is  North ;  that  is,  E.  i2°26'N. 

But  when  the  Latitude  is  given  in  Degrees,  and  the  Declination 
in  Degrees  and  Minutes,  find  the  Declin.  at  the  1  opas  before,  and 
the  nearcft  Degrees  to  the  given  Latitude  in  the  Left  Hand  Co- 
lumn, againft  which,  and  under  the  given  Declin.  ftands  the  true 
Amplitude  ;  or,  if  the  Minutes  of  the  Declination  be  near  30,  or  half 
a  Degree,  find  the  Amplitude  for  the  given  Degrees  of  Declination, 
and  the  Amplitude  for  one  Degree  above  it,  add  thefe  two  Ampli- 
tudes together,  half  their  Sum  will  be  the  true  Amplitude,  fufficient- 
\y  exad  for  Prafticc  at  Sea, 

EXAMPLE,      n. 

'  Suppofc  I  would  know  the  Sun's  true  Amplitude  at  his  Setting  ini 
Latitude  57°,  his  Declination  being  i  !•  33^  S. 
Find  the  Ampl.  as  before  for  the  J  11°  7  „ .  •  .      .„  .       f   20''   2a' 

Lat.57%  and  the  Declinations}  12   J  whurhwillbe  {   ^^    ^9 

Their  Sum    42    54 


Half  the  Sum  21  2715 
the  true  Amplitude  ;  that  is,  W.  21®  27'  S.  becaufeat  Sun  Setting, 
and  the  Declination  South.  In  like  Manner,  if  the  Declination  be 
in  Degrees,  and  the  Latitude  in  Degrees  and  Minutes,  as  ia 

EXAMPLE      IIL 

Suppofc  it  were  required  to  find  the  Sun's  true  Amplitude  at  Set* 
tii^' in  Latitude  49*  27',  when  his  Declination  was  m*  N. 

Now  27  Minutes  being  nearly  half  a  Degree,  therefore, 
For  Lat.  49*^  land  Declination  21^1    33°     6' 
For  Lht.  50   5  the  Amplitudes  are  J    33    52 

Sum  66    58 


HalftheSumis  33  29,  the  true  Amplitude 
required ;  that  is,  W.  33*^  29'  N.  becaufe  the  Sun  was  fetting,  and 
the  Declination  V, 

When  the  Latitude  and  Declination  are  both  given  in  Degrees 
and  Minutes,  take  the  neareft  Degrees  to  both,  unlefs  they  are  near 
30  Minutes,  as  obferved  before,  and  find  the  Amplitude  as  in  Ex- 
ample I« 

'-  EXAMPLE 
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EXAMPLE.     IV. 

Suppofe  it  were  required  to  find  the  Sun's  true  Amplitude  at  Set- 
ting, in  Latitude  49®  18',  his  Declination  being  i9^4i'N. 

Now  as  the  Latitude  is  neareft  to  49^,  and  the  Declination  neareil: 
3it)%  therefore  againft  Latitude  49°  and  under  Dech'nation  20**,  ftands 
31°  25^  N.  the  true  Amplitude ;  that  is,  W.  31^  25^  N.  the  Decli- 
nation being  North,  and  at  the  Sun's  Setting. 

To  find  the  true  Jzimuth, 

The  true  Azimuth.is  an  Arch  of  the  Horizon,  contained  between 
the  Meridian  of  die  Place  and  the  Azimuth  Circle,  pafling  through 
the  Centre  of  the  Sun  or  Star  at  the  Time  of  Obfervation  ;  or  it  is 
the  true  Diftance  of  the  Sun  or  Star  from  the  true  North  and  South 
points  of  the  Compafs. 

The  Magnetic  Azimuth  is  an  Arch  of  the  Horizon  contained  be- 
tween the  Magnetic  Meridian  and  the  Azimuth  Circle,  paffing 
through  the  Centre  of  the  Sun  or  Star  when  obferved ;  or  it  is  the 
apparent  Diftance  of  the  Sun  or  Star  from  the  North  or  South 
Points  of  the  Compafs,  either  in  the  Forenoon-or  in  the  Afternoon, 
when  they  are  5°,  10°,  15°,  &c.  above  the  Horizon,  and  the  lefs 
the  Altitude  is,  the  more  exadi  you  may  perform  the  Obfervation. 

The  Magnetic  Azimuth  is  found  by  the  Compafs  in  the  following 
Manner: 

Set  the  Box  fo  that  the  four  Cardinal  Points  of  the  Card  ftand 
oppofite  to  the  four  Lines  in  the  Compafs  Box :  hold  the  Box  in  this 
Pofition,  and  move  the  Index,  till  the  Sights  being  directed  to  the 
Sun  or  Star's  Centre,  the  Shadow  of  the  String  joining  the  Sights 
fall  direftly  along  the  Middle  of  the  Index  ;  then  th^  Degree,  &c, 
ici  the  Arch  intercepted  between  the  End  of  the  Index  next  tfhe  Sun, 
and  North  Point  of  the  Card,  will  give  the  Magnetic  Azimuth  re- 
quired. If  the  Sun  does  not  fliine  ftrong  enough  to  give  a  flrong 
Shadow,  look  through  one  of  the  Sights,  and  move  the  Index  till 
one  of  the  Strings  cuts  the  Sun's  Centre,  and  then  the  intercepted 
Arch,  as  before,  (hews  the  Sun's  Azimuth,  and  the  like  of  the 
Star's. 

When  there  is  a  rough  Sea,  the  Obfervation  is  beft  made  by  two 
Perfons,  and  if  the  Card  vibrates  much  take  the  middle  Degree  be- 
tween the  Limits  which  the  Vibration  reaches. 

When  the  Azimuth  is  obferved,  the  Altitude  of  the  Objeft  muft 
be  obferved  at  the  fame  Time. 

Having  the  Latitude  of  the  Place  of  Obfervation,  and  the  Sun 
or  Star's  Declination  with  the  Altitude  at  the  Time  of  Obfervation, 
tbe  true  Azimuth  is  found  as  follows  : 

Rule.  Add  the  Complement  of  the  Latitude,  the  Complement  of 
the  Altitude,  and  the  Sun  or  Star's  Polar  Diftance  into  one  Sum  : 
From  half  that  Sum  fubtraift  the  Polar  Diftance,  and  note  the  half 
Sum  and  the  Remainder.  *■■ 

'  •  Then  add  together 


jt66      Of  ^k  VARlAtlOjr  o^  tkk  COMPASSi 

The  Arithmetical  Comp.  of  the  Log.  Co-flnp  of  the  Latitude^ 

The  Arithmetical  Comp.  of  the  Log.  Co-fine  of  the  Altitude^ 

The  Log.  Sine  of  the  Half  Sum, 

And  the  Log.  Sine  of  the  Remainder  into  one  Sum. 

Half  the  Sum  of  thefe  four  Logarithms,  will  give  the  Log.  Co^ 

fiile  of  half  die  true  Azimuth,  which,  being  doubled,  gives  the  true 

Azimuth,  reckoned  from  the  North  in  North  Latitude,  and  from  th« 

JSoutb  in  South  Latitude* 

Or  thus: 
Add  together 

The  Log.  Secant  of  the  Latitude  1 1>  •  jci:      *i.  •    t  j    - 
The  Lo|.  Secant  ot  the  Altitude, }  ^^'^""5  Aeir  Indexes 
The  Log.  Sine  of  the  Half  Sum, 
And  The  Log.  Sine  of  the  Remainder. 

Half  the  Sum  of  thefe  four  Logarithms,  will  be  the  I^bg.  Co-fine 
df  half  the  true  Azimuth. 

N.  B.  The  Polar  Diftance  of  the  Sun  or  Star,  is  their  Diftance 
from  the  neareft,  or  elevated  Pole,  and  if  the  Latitude  of  the  Place, 
and  the  Declination  of  the  Suit  or  Star,  be  both  North  or  both 
South,  then  the  Complement  of  the  Declination  is  the  Polar  Dif- 
tance ;  but  if  the  Latitude  and  Declination  be  one  North  and  the 
other  South,  the  Declination  added  to  90®  gives  the  Polar  Diftance. 

EXAMPLE.      L 

In  Latitude  43**  39'  N.  the  Sun's  Altitude  was  obferved  to  be  39* 
^8',  his  Declination  being  then  16*^  37'  N.  Required  the  true  Azi- 
muth f 

oo^  00'  90®  00'  ^  90*^  00' 

latitude         43    39    Altitude       39    28    Declination        16    37  N. 

,.,  ■         Co- Alt.        50     32     Polar  Did.  73     2$ 


Co-Lat.  46    21     Ari.Co-fine  0,14052 

Co- Alt,  50    31    Ari.  Co-fine  0,1 1 239  Or  thus : 

l^olaf  Diftance 7 3     i5  Lat.  4^<'59' Sec.      0,14052 

— .  Alt.  39  28  Sec*      0,11239 

ttm  170    1 6  5  Sum  85     8  Log.  fi.  9,99845 

_-, Rem.  1 1  45  Log.  fi.  9,30887 

iSum  85      8    Log*  Sine    9,99843  . 

Polar  Diftance  75    23  Sum  19,56021 

Hemainder      11    45    Log,  Sine    9,30887  iSumrzCo-fi.  5 2<'56' 9,78016 

Sum  19,56021  _—-..——— 

True  Azim.  105  cztobcicc* 

iSum  =  Confine        $t^   56'         9,78010     koncd  from  the  North* 
t 


True  AriKuth  lOc   '52  from  the  North. 

^    ^  EXAMPLE 
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EXAMPLE,      11. 


tn  Latitude  42**  16^  N^  the  Sun's  Altitude  was  obferved  to  be  18^  • 
4^,  his  declination  being  then  7*  38'  S.     Required  the  true  Azimuth. 

90*00' 
7  58  S. 


90^00'       ^ 
Latitude      42   16    Altitude 


9o<>oo' 


Co- Alt. 


18  40    Declination 


71    20    Polar  Diflance    97  38 


Co-Latitude  47  44  Ari.Co-fi. 
Co-Altitude7i  20  Ari^fo-fu 
Polar  Dift.   97  38  S. 


Sum 


216  42^ 


0,13076  Or  thus: 

0,02347  Lat.  42**  1 6'  Sec.    o,  1 3075 

Alt.  18  40  Sec.    0,02348 

I  Sum  108  21  Log.  fi.  9,97733 

Rem.  10  43L0g.fi.  9,26940 


•J  Sum      108  21     Log.fi. 
Polar  Dift.  97  38 


9>97733  Sum 


19,40096 


Rem. 


10  4  J    Log.  fi. 
•    Sum 


i=Co-fi.j9<«53'      9,70048 
9,26940  2 

1 9,40096  True  Azi.  1 1 9  46  from  the  N» 


4  Suifl±:Co-fi.  J  True  Azi.  59*53'  9.70048 

2 ^— 

The  true  Azimuth  1 19  46  from  the  Northr 

*  When  the  f  Sum  is  above  90%  fubtraft  it  from  180%  and  take 
the  Log.  Sine  of  the  Remainder. 

The  Secant  (rejedling  the  Index)  of  any  Angle  or  Number  of  De- 
grees, is  equal  to  the  Arithmetical  Complement  of  the  Co-fme  of 
S^at  Angle. 

^ejlion  L  Being  at  Sea,  in  Latitude  40®  38'  N.  in  the  After- 
noon the  Sun's  Altitude  was  obferved  to  be  20  46',  when  his  De- 
clination was  17^  10' S.  What  was  the  Sun's  Azimuth  at  that 
Time  ? 

Anjwer.  \yf  50'  from  the  North. 

^eftion  IL  What  is  the  Sun's  true  Azimuth  in  Latitude  26®  30^^ 
N.  in  the  Forenoon,  when  his  Altitude  is  24**  28',  and  his  Declina- 
tion 22^  40'  North  ? 

Anjwer.  75°  44'  from  the  North  Point  of  the  Compafs. 

^eftion  IIL  At  the  Ifland  of  St.  Helena,  the  Sun's  Altitude  was 
obferved. to  be  30"*  22'  in  the  Forenoon,  his  Declination  being  then 
22°  58'  S.     Required  the  Azimuth  at  that  Time  ? 

Jnfwer.  72**  26'  from  the  South,  or  107°  34'  from  the  North. 

^ejiion  IV.  What  Point  of  the  Compafs  does  the  Star  Aideba- 
ran  bear  on,  at  the  Cape  of  Good  Hope,  when  its  Altitude  is 
22**  25'  ? 

Jnfiuer.  130^  8'  from  the  South,  or  49®  52'  from  the  North. 

X  -  Having 
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Having  found  the  Sun's  true  Amplitude,  or  Azimuth,  by  the 
preceding  Methods,  ice.  Magnetic  Amplitude  or  Azimuth  by  Ob- 
fervation,  it  is  evident,  that  when  they  agree  there  is  no  Variation  ; 
but  when  they  difagree,  then,  if  the  true  and  obferved  Amplitudes 
be  both  of  the  fame  Name,  that  is,  both  North  or  both  South,  their 
DiflFerence  is  the  Variation  j  but  if  the  true  and  obferved  Amplitudes 
be  of  different  Names,  that  is,  one  North  and  the  other  South, 
their  Sum  is  the  Variation.  Again,  if  the  true  and  obferved  Azi- 
muths be  both  on  the  Eaft,  or  both  on  the  Weft  Side  of  the  Meri-^ 
dian,  their  DiiFerence  is  the  Variation  ;  but  if  the  true  and  obferved 
Azimuths  be  one  on  the  Eaft  and  one  on  the  Weft  Side  of  the  Meri- 
dian, their  Sum  gives  the  Variation;  and  to  know  whether  the 
Variation  is  EafterTy  or  Wefterly,  obferve  this  general  Rule,  viz. 

Let  the  Obferver's  Face  be  turned  to  the  Sun,  then,  if  the  true 
Amplitude  or  Azimuth  be  to  the  Right  Hand  of  the  Magnetic, 
or  Obferved,  the  Variation  is  Eafterly,  but  if  to  the  Left  Hand, 
Wefterly. 


EXAMPLE      L 


is  found  te  be  E.  14®' 
.  26*^  12'N.  required 


Suppofe  the  Sun's  true  Amplitude  at  Rifmj 
to'  N,  but  by  the  Compafs  it  is  found  to  be  1 
the  Variation  ? 

From  the  greater  E . 

Take  the  leffer  E, 

Remains  the  Variation  11     52  W. 


26^ 
14 


i2Tsr. 

20  N. 


Which  is  Eafterly,  becaufe  in  this  Cafe  the  true  Amplitude  is  to 
the  Right  of  the  Obferved. 


With 
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With  the  Chord  of  60  defcribe  a  Circle  to  reprefent  the  Hori:&on, 
through  which  draw  the  North,  South,  Eaft  and  Weft  Lines  j  take 
the  true  Amplitude  found  by  Calculation  at  Rifmg,  26**  12'  from  th« 
Line  of  Chords,  and  fettingit  from  £.  towards  N.  and  likewife  th« 
the  Magnetic  Amplitude  14°  20',  and  fet  from  E.  towards  N.  as 
before,  the  Difference  of  thefe  two  Angles,  or  between  the  true 
and  Magnetic  Amplitudes,  viz,  11°  52'  is  the -Variation.  Now 
fuppofe  yourfelf  placed  at  the  Centre  of  the  Horizon,  reprefented  by 
the  Compafs,  and  looking  towards  the  Magnetic  Amplitude  at  (he 
Sun's  Rifing,  it  is  plain  that  the  true  Amplitude  fo«nd  by  Calcula- 
tion is  towards  the  left  Hand  of  the  Obferved,  which  ihews  the 
Variation  is  11°  52'  W.  and  muft  be  allowed  to  the  left  Hand  iii 
all  Courfes  fteered,  before  they  can  be  put  into  the  Traverfc  TabJt 
or  Bearings,  taking  by  the  Compafs. 

EXAMPLE      II. 

Suppofe  the  Sun's  true  Amplitude  at  Setting  be  W.  34^*26'  S.  and 
his  Magnetfc  Amplitude  W.  23°  13^  S.  required  the  Variation^ 
fince  they  are  both  of  the  fame  Name  i 


From  the  greater 
Take  the  lefler 

Remains  the  Variation 


W.  340 
W.  23 


26' S. 

13  s. 


II     I3W. 


Which  is  Weflerly,  becaufe  the  true  Amplitude  is  to  the  Left  of 
the  Obferved  in  this  Cafe. 


Example  III. 
Suppofe  the  true    Azi- 
muth 84°4o'W. 
TbeMag  Az.  101   iSW.^j 

*  Variation       16  35  E. 


*  LetN.  E.  S.  and  W.  reprefent  the  Horizon,  A,  B,  C,  D, 
an  Azimuth  Circle,  paffirig  through  the  Sun's  Centre  ;  now  an  Ob- 
fervcr  placed  at  the  Centre  G,  will  fee  the  Sun  at  Rifing  in  the 
.  '  X  2  Lint 
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Line  G  i,  but  when  he  gets  a  greater  Altitude,  and  arrives  at  B,  be 
will  fee  the  Sun  in  the  Line  G  0  2,  and  as  the  Sun  alters  its  AI* 
titude,  will  be  fecn  as  in  the  Lines  GO3,  G04»G0  5,  at 
Length  will  arrive  at  its  Meridian  G  z  S,  and  the  Figures  2,  3,  4,  5, 
will  reprefent  the  Magnetic  Azimuth;  the  DifFerence  between 
theie  and  the  true  Azimuth  found  by  Calculation  is  the  Variatiom 


ExAMFLt  IV. 

Sappofe  die  Son's  true  AmpH- 
tadc  at  Ri£ng  is  £.  i3<>  24'  N.  and 
his  Magnetic  Amplitude  £.  11°  32' 
S.  Required  the  Variation,  and 
which  Way  ? 

Since  the    true    Amolitude   and 
Obfervcd  have  different  Names, 
T©  the  true  Amplitude  E.  ifij^'S. 
Add  the  Magnetic  Am.  E.  12  32  S. 

The  Sum  is  the  Variation    25  56W. 


Which  is  Wcftcrly,  bccaufe  the 
♦rue  Amplitude  is  to  the  Left  of  the 
Obfcrved. 

Example  VI. 

Soppofc  the  Sun's  true  Azimuth  is 
N.  32°  28'  Eaftcrly,  and  his  Mag- 
netic Azimuth  N.  8°  50^  Weft, 
required  the  Variation,  and  which 
Way? 

Since  they  are  on  the  different 
Sides  of  the  Meridian, 
To  the  true  Azimuth  N.  32*'28'E. 
Add  the  Mag.  Azim.   N»    8  5[oW 


Example    V. 

Suppofe  the  Sun's  true  Azimuth 
in  the  Forenoon  is  N.  86**  40'  Eaft- 
erly,  but  by  the  Compafs  it  is  H. 
73*'  24'  Eafterly,  required  the  Va- 
nation,  and  which  Way  ? 

Since  the  true  and  obfcrved  Azi- 
muths are  both  on  the  fame  Side  of 
the  Meridian, 

From  the  greater  N.  86®  40'E. 

Take  the  kffcr  N.  73     24  E. 

Remainder  Variation        13     16K. 

Which  is  Eaftcrly,  bccaufe  the 
true  Azimuth  is  to  the  Right  of  the 
Obfervcd. 


Example  VII. 

Suppofe  the  Sun's  true  Azimuth 
S.  17**  45'  E.  and  the  Magne- 
tic Azimuth  S.  5*'  48'  Weft,  re- 
quired the  Variation,  and  which 
Way  ? 

Since  they  are  on  different  Side« 
of  the  Meridian, 

To  the  true  Azimuth   S.  ly^  45'E* 
Add  the  obfervcd  Az.    S.    1;    48 W, 


Sum  is  the  Variation  41   18  E.    Sum  is  the  Variation        23    33  E» 


Which  is  Eaftcrly,  becaufe  the 
true  Azimuth  is  to  the  Right  of  the 
Obfervcd. 


Which  is  Eaft,  becaufe  the  true 
Azimuth  is  to  the  Right  of  tho 
Obfcrved. 


The  Ufe  of  the  Variation  is  to  concA  the  Courfe  fleered  by  the 
Compafs  i  when  the  Variation  is  Eaft,  it  muft  be  allowed  to  the 
Right  Hand  upon  every  Courfe  fteered  quite  round  the  Compafs ; 
but  when  the  Variation  is  Weft,  to  the  Left  Hand. 
•  Note.  The  Variation  may  be  eafily  found  by  taking  the  Sun^s 
Altitude  in  the  Morning,  and  obferving  what  Point  of  the  Compafs 
be  bears  upon  ;  and  in  the  Afternoon  when  the  Altitude  is  the  fame, 
the  Middle  Point  will  be  the  true  Meridian,  the  Difference  between 

which 
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'which  and  the  North  or  South  Points  of  the  Compafs  is  the  Varia* 
tion.  If  the  Altitudes  are  taken  at  5,  6,  or  7  o'C^ock  in  the  Morn* 
ing,  you  will  have  the  fame  Altitude  at  5,  6,  or  7  ©'Clock  in  the 
Evening,  being  equally  diftant  from  Noon, 

The  Variation  of  the  Compafs  was  firft  obferved  at  London,  Uk 
the  Year  1580,  to  be  11°  15'  Eafterly ;  and  in  the  Year  1622,  k 
was  6**  o'  E.  ftill  decreafing,  and  the  Needle  approaching  the  true 
Meridian,  until  it  coincided  with  it  in  the  Year  1662,  fince  that 
Time  the  Variation  ftill  continues  at  London  to  increafe  Wefterjj, 
at  the  Rate  of  about  11  or  12  Minutes  every  Year  ;  and  is  at  this 
Time  about  23°  30'  Wefterly,  and  in  the  Englifh  Channel  about 
25°  30^  Wefterly ;  but  how  far  it  will  go  that  Way,  Time  and 
Obfervations  will  probably  be  the  only  Means  to  difcover. 

The  Variation  at  Paris  in  the  Year  1640,  was  3®  E.  but  in  die 
Year  1681  it  was  2*  21' W.  and  is  now  about  22°  20'Wefterlj!^ 
ftill  continuing  to  go  Wefterly. 

In  fliort,  from  Obfervations  made  in  different  Parts  of  the  Wprki^ 
it  appears,  that  in  different  Places  the  Variation  differs,  both  as  tm 
its  Quantity  and  Denomination,  it  being  Eaft  in  one  Place,  and 
Weft  in  another  5  the  true  Caufe  and  Theory  of  which  has  not  yet 
been  difcovered,  and  therefore  in  long  Voyages  it  is  abfolutely  ne- 
ceffary  that  the  Mariner  fliould  find  the  Variation  of  the  Compafs  by 
Obfervation  as  often  as  poffible. 

One  Magnus,  a  Shepherd,  firft  difcovered  the  wonderful  Power 
of  the  Loadftone,  that  gives  Pplarity  to  the  Needle,  by  its  fticking 
to  the  Iron  of  his  Sandals  ;  whence  the  Name  of  Magnet  was  given 
to  the  Stone  or  Magnetic  Needle,  Gio,  of  Naples,  about  300 
Years  ago,  firft  difcovered  that  a  Piece  of  Iron  rubbed  on  it,  and 
thien  fufpended,  had  the  Property  of  pointing  to  the  North  and  South, 
and  thence  applied  to  Navigation.  An  Author  of  fome  Degree  rf 
Popularity,  who  has  drawn  a  Variation  Chart,  fays,  he  has  found 
out  the  Theory  of  the  Variation  of  the  Magnetic  Needle,  without 
favouring  the  World  with  the  Principles  j  if  his  Genius  has  been 
able  to  penetrate  into  the  Bowels  of  the  Earth,  to  difcover  this 
■wonderful  Phenomenon,  it  is  more  than  Sir  Ifaac  Newton's,  or  Dr. 
Halley's  could  do  5  however,  his  Veracity  may  well  be  doubted, 
us  Mr.  Wales,  who  accompanied  Capt.  Cook' round  the  Worlds 
told  me,  that  his  Theory  did  not  reach  thofe  Ifland^  which  they  dif« 
covered* 

How  to  touch  the  Compafs  Needles, 

Having  two  ftrong  Magnetical  Bars,  lay  the  Compafs  Needle  as 
nearly  North  and  South  as  you  can,  with  the  intended  North  and 
Northwards,  join  the  two  Magnets  in  a  Line,  confiderably  above 
the  Needle,  the  North  End  of  each  being  Northward,  and  brii^ 
them  down  upon  the  Needle,  fo  that  the  Place  of  Jun<^ion  may  be 
over  its  Centre,  then  draw  them  afunder  along  each  half  qi'  the 
Needle,  and  continue  their  Motion  till  they  are  eight  Inches  clear  of 
th^  Needle's  End^   b^  a  circular  Mption  bring  them  again  to  the 

Centre 
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Centre  and  join  them  as  before  5  repeat  this  Operation  fix  or  (even 
Times,  taking  Care  4iot  to  put  the  Magnets  out  of  their  Parallelifmj^ 
and  the  Needle  will  be  fufficiently  Magnetical, 


The  Method  of  Keeping  a  Journal  at  Sea. 


BY  keeping  a  Journal,  is  meant  keeping*  fuch  an  Account  of  the 
Ship's  Way  that  the  Mariner  may  be  able  at  any  Time  to 
,afcertain  the  Latitude  and   Longitude  the   Ship  is   in;   it   there- 
fore fliould  be  the  great  Concern  of  every  Perfon  who  takes  upon 
him  the  navigating  of  Ships  to  remote  Parts,    to  be  expert  therein, 
-as  the  Lives  and  Fortunes  of  fo  many  Men  are  conunitted  to  his 
Charge. 

When  a  Ship  is  bound  from  one  Place  to  another,  which  lies  fo 
fer  from  her,  that  flie  is  obliged  to  go  out  of  Sight  6f  Land  for  any 
confiderable  1  ime,  as  from  England  to  Jamaica  j  at  the  Time  of  her 
leaving  Sight  of  Land,  (he  is  faid  to  take  her  Departure,  and  that 
Part  of  the  Land  (he  then  leaves,  is  faid  to  be  the  Place  fhe  takes 
hei  Departure  from;  fuch  as  the  Land's  End,  Lizard,  &c.  and  at 
the  Time  of  taking  fuch  Departure,  the  Captain  or  Mate  generally 
takes  the  Bearing  and  Diftance  of  that  Land  (according  to  his 
Judgment)  and  fets  it  down  on  the  Log-board,  or  in  the  Log-book 
againft  the  Time  it  was  taken,  thus.  Land's  End  N.  N,  E.  Dift.  7 
lleagues,  or  Lizard  N.  by  W.  Dift.  5  Leagues,  &c. 

In  the  fame  Manner  may  the  Departure  from  any  Place  be  taken^ 
^  may  be  feen  in  the  firft  Diy's  Log.  of  the  following  Journal,  where 
the  Logbook  is  marked  in  Columns  for  Hours,  Knots,  Fathoms, 
Courfes,  Winds,  Leeway,  Tranfaftiors  ;  and  under  it  the  Columns 
for  Courfes,  Diftances,  Northings,  or  Southings,  Eaftings,  or  Weft-» 
ings,  the  Latitude  by  Dead  Reckoning,  Latitude  by  Obfervation, 
'Meridian  Diftance,  Difference  of  Longitude,  Longitude  in,  and  in 
the  laft.  Bearing  and  Diftance  of  the  Land. 

Notice  muft  be  taken,  that  in  the  Column  for  Courfe, ,  you  are 
always  to  fet  down  the  Courfe  you  have  made  by  your  Reckoning 
for  that  24  Hours  ;  that  is,  from  the  Noon  of  the  Day  before  to  the 
Noon  of  the  Day  you  work  on,  the  Sea  Account  being  always  kept 
from  Noon  to  Noon. 

In  the  Columns  for  Diftance  you  are  to  fet  down  the  Diftance  made 
by  your  Reckoning  for  that  24  Hours. 

In  the  Columns  of  Northing  and  Southing,  you  arc  to  fet  down 
the  Difference  of  Latitude  riiade  in  that  24  H.  marking  the  Column 
with  North,  if  the, Difference  of  L^ltitude-bc  North;  and  South, 
if  South. 

In 
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In  the  Column  of  Eafting  or  Wefting,  you  arc  to  fet  down  the 
Departure  made  that  24  Hours,  marking  the  Column  with  Eaft,  if 
the  Departure  be  Eaft,  and  with  Weft,  if  Wefterly. 

In  the  Column  marked  Latitude  by  D.  R.  you  are  to  fet  down  the 
Latitude  you  reckon  yourfelf  in  on  that  Day  i  and  in  the  Column 
marked  Lat.  by  Ob.  you  are  to  fet  down  tlie  Latitude  found  by  Ob- 
fervation  ;  alfo  the  Difference  of  Longitude  made  in  the  24  Hours 
in  the  Column  marked  Dift'.  Long,  the  Longitude  in,  in  the  Co- 
lumn marked  Long,  in ;  and  in  the  laft,  the  Bearing  and  Diftance 
from  the  Land. 

The  Variation,  if  any,  muft  be  allowed  upon  all  Courfes  fteered, 
and  upon  all  Bearings  that  arc  taken  by  the  Compafs  ;  that  is,  if  it 
be  Eafterly  Variation,  "it  muft  be  allowed  to  the  Right  Hand,  if 
Wefterly,  to  the  Left  of  the  Courfe  or  Bearing.  Suppofmg  yourfelf 
placed  in  the  Centre  of  the  Compafs,  and  lookmg  dire<5Uy  forward  t^ 
the  Point  you  are  to  allow  the  Variation  upon. 

EXAMPLE. 

Suppofe  I  fteer  S,  W.  and  there  is  one  Point  Wefterly  Variation, 
then  my  true  Courfe  is  S.  W.  by  S.  or  fuppofe  I  fet  a  Point  of  Land, 
and  find  it  to  bear  by  the  Compafs  E.  o.  E,  and  I  know  there  is 
Half  a  Point  Eafterly  Variation,  then  the  true  Bearing  is  S.  E.  by 
E.  |E. 

Leeway  muft  be  allowed  upon  all  Courfes  fteered,  which  is  the 
Difference  between  the  Point  which  the  Ship  endeavours  to  fail  upon, 
and  the  Point  ftie  really  fails  upon,  and  is  caufed  by  the  Force  of 
the  Wind  or  Surge  of  the  Sea,  when  flie  is  clofe  hauled  or  plying  to 
Windward,  which  makes  her  fall  off"  and  glide  fide-ways  from  the 
Point  of  the  Compafs  fhe  capes  at,  and  muft  be  allowed  to  be  on 
the  Right  Hand  of  the  Courfe  fteered  when  the  Larboard  Tacks  are 
on  Board,  and  to  the  Left  Hand  when  the  Starboard  Tacks  are  on 
Board.     The  Allowances  that  are  generally  made  are  as  follow  : 

ift.  When  a  Ship  is  clofe  hauled,  if  all  her  Sails  be  fet,  the  Wa- 
ter froooth,  and  a  moderate  Gale  of  Wind,  flie  is  then  fuppofed  ta 
make  little  or  no  Leeway- 

adly.  The  Ship  being  upon  a  Wind,  and  the  fmall  Sails  in,  allow 
one  Point  for  Leeway. 

3diy.  The  Wind  blowing  hard,  fo  as  to  caufe  one  Top.-fail  to  be 
taken  in,  allow  two  Points  for  Leeway. 

4thly.  When  it  blows  fo  hard  that  both  Top-fails  are  taken  in, 
and  the  Sea  runs  high,  allow  then  three  Points  for  Leeway. 

5thly.  The  Fbre-fail  being  f^rlcd,  and  the  Ship  tries  under  a 
Main-fail  and  Mifen,  allow  tour  Points  for  Leeway ;  for  {he  then 
makes  her  Way  about  four  Points  before  the  Beam,  as  the  Sea 
Phrafe  is. 

6thly.  When  the  Ship  tries  under  the  Main-fail  only,  flie  then 
makes  her  Way  about  three  Points  before  the  Bean),  that  is,  allow 
ntar  five  Points  Leeway. 

4  7*l7- 
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7thly.  If  the  Ship  tries  under  the  Mizen  only,  her  Way  is  abc/tit 
two  Points  before  the  Beam  ;  that  is,  allow  fix  Points  for  her  Lee^' 
way. 

Sthly.  When  fhe  lies  a  Hullj  that  is,  with  all  her  Sails  furled, 
bcr  Way  is  one  Point  before  the  Beam,  and  then  feven  Points  is  her 
L*eeway. 

9thly.  When  a  Ship  is  lying- to  under  a  Main-fail,  Mizen,  &C4 
then  obferve  how  (he  comes  up  and  falls  off,  and  take  the  Middle , 
between  the  two  Points^  and  from  that  allow  the  Leeway  and  Va* 
riation. 

Note*  In  all  Cafes^  Refpedl  mull  be  ha4  to  the  Smoothnefs  of' 
Ae  Watery  or  to  the  Sea's  running  high,  tfie  R^ould  and  Trim  of 
the  Ship,  and  then  the  Allowances  may  be  afcertaiii^d  with  the  greater 
Certainty,  by  fetting  the  Ship's  Wake  by  a  GompaTs  placed  on  each 
Rail  of  the  Ship's  Quarter^  which  is  ufually  fet  there  for  that.Pur** 
pofe. 

For  it  is  well  known,  that  fome  Ships,  with  the  fame  Quantity 
ef  Sail,  and  with  the  fame  Gale,  will  make  more  or  lefs  Leeway 
than  others  5  and  alfo  the  fame  Ship  when  (he  is  out  of  her  Trim,  or 
differently  loaded,  will  make  different  Leeways ;  for  it  is  obfervable, 
Aat  the  more  Water  a  Ship  draws,  the  lefs  Leeway  fhe  makes  ;  be- 
caufe  fhe  then  meets  with  a  greater  Refiflance  in  fplitting  the  Water 
with  her  Side,  than  otherwife  fhe  would. 

The  Leeway  may  be  eafily  found  by  the  Azimuth  Compafs,  by 
turning  the  Inftrument  about  until  you  fee  the  Wake  of  the  Ship 
cither  over  the  Sights,  or  parallel  to  them  5  then  the  Point  of  the 
Card,  which  is  cut  by  the  vertical  Line  in  the  Box,  which  is  neareft 
to  you,  is  the  true  Courfe ;  the  Difference  between  that  and  the 
Courfe  given  by  the  Compafs  in  the  Bittacle,  is  the  Leeway  re- 
quired, which  ought  to  be  accordingly  entered  upon  the  Log- 
board. 

There  is  another  Way  of  finding  the  Leeway,  by  fixing  a  Com- 
pafe  cut  in  Lead  (or  in  other  Metal)  on  the  Poop,  or  fome  othet^ 
convenient  Part  of  the  Ship's  Stern,  with  the  Meridian  parallel  to  the 
Ship's  Side,  and  in  the  Centre  a  Pin  is  fixed,  to  which  is  fattened  a 
fmall  Line  of  a  good  Length,  with  a  Piece  of  Wood  at  the  End  of 
it,  that  it  may  be  dragged  after  the  Ship.  The  Point  or  Degree 
cut  by  this  Line  will  fhew  the  Leeway  ;  if  it  cuts  the  Meridian  thtf 
Ship  makes  no  Leeway  ;  but  if  it  does  not,  the  Difference  between 
the  Meridian  and  where  it  cuts  is  the  Leeway. 

By  fome  of  the  above  Methods^  the  Leeway  (if  there  be  any) 
ought  to  be  carefully  obferved  as  often  as  may  be  judged  neceffary  |. 
and*  thefe  Obfervations  fhould  be  pundlually  fet  down  by  the  Officer 
of  the  refpeftive  Watch  ;  at  leaft,  if  no  Obfervation  be  made,  he 
ought  to  fet  down  the  Leeway  according  to  his  Judgment  once  or 

twice  in  the  Watch,  and  by  this  Means  the  Courfe  made  good  may 
)c  found  to  a  much  greater  Certainty  and  ExacSnefs  than  by  the 
common  Method  of  allowing  for  Leeway,  when  the  Day's  Account 
comes  to  be  worked,  (which  is  generally  once  in  24  Hours;)  For 

an 
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an  Obfervation  muft  certainly  be  better  than  anvGuefs.  But  if  no 
Obfervation  be  made,  the  Perfon  who  is  upon  Deck,  and  has  the 
Care  of  the  Watch,  is  better  able  to  make  proper  Allowances,  while 
Things  are  freth  in  his  Memory,  and  while  he  is  an  Eye  Witnefs 
of  the  feveral  Accidents  that  happen;  and  certainly  much  more 
capable  than  another  who  was  not  upon  Deck  during  the  whole 
Watch. 

I  have  often  admired  to  fee  how  particularly  every  Thing  is  dated 
upon  the  Log-board,  excepting  the  Leeway ;  and  yet  that  (which 
is  one  of  the  moft  material  Articles,  flnce  the  Courfc,  according  to 
the  Compafs,  muft  be  corrected  by  it)  only  allowed  for  the  next 
Day,  according  to  every  one*s  Fancy,  thereby,  as  it  were,  keeping 
as  many  different  Journals  as  there  are  Artifts  (fo  called)  on  board 
the  Ship,  and  yet  not  one  regular  Journal  properly  kept  amongft  them 
all,  fince  one  of  the  moft  material  Articles  is  only  guefled  at, 

EXAMPLE      L 

Suppofe  I  fteer  N,  E.  by  E.  with  my  Larboard  Tacks  on  board, 
and  make  one  Point  Leeway,  then  my  Courfc  made  good  is  E. 
N.  E. 

Leeway  and  Variation,  when  they  are  both  to  be  allowed  one 
Way,  that  is,  both  to  the  Right  Hand,  or  both  to  the  Left,  add 
them  together^  and  allow  their  Suto  the  fame  Way  they  were  to  be 
allowed. 

But  if  they  are  to  be  allowed,  one  to  the  Right  Hand,  and  the  other 
to  the  Left,  fubtrafl:  die  lefs  from  the  greater,  and  allow  the  Re- 
mainder the  fame  Way  the  greater  was  to  be  allowed* 

EXAMPLE      IL 

Suppofe  I  fteer  N.  N.  W.  witTi  my  Starboard  Tacks  on  board,  and 
make  one  Point  Leewav,  there  being  at  the  Time  Half  a  Point  Weft- 
erly  Variation ;  I  would  know  my  true  Courfe  ? 

Leeway  to  the  Left  Hand  i       Point. 

Variation  to  ditto  f  Point, 

Their  Sum  to  be  allowed  to  the  Left  Hand     i  |  whence 
The  true  Courfe  is  N.  W.  by  N.  f  W. 

EXAMPLE      IIL 

Suppofe  I  fteer  S.  W.  by  W.  with  my  Larboard  Tacks  on  board, 
and  make  two  Points  and  an  half  Leeway,  and  I  have  one  Point  and 
a  quarter  Wefterly  Variation,  what  is  my  true  Courfc  ? 

LeeW^  to  the  Right  Hand  2  f  Points, 

Variation  to  the  Left  Hand  i  J  Points • 

The  Rem.  to  be  allowed  to  the  Right  Hand       i  J  \idicjQcc 
The  true  Courfe  is  W.  S.  W.  J  Wefterly. 

¥  EXAMPLE 
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EXAMPLE  IV. 


Suppofe  a  Ship  lyiog-to  under  a  Main*iail,  with  her  Starboard 
T^cks  on  board,  comes  up  E.  by  S.  and  falh  off  to  N.  £.  by  E« 
there  being  one  Point  Weftcrly  Variation,  and  flie  makes  5  Points 
Leeway,  what  Courfe  does  (he  make  good  ? 

The  Middle  between  E.  by  S.  and  N.  E.  by  E.  is  E.  by  N.  for 
which  allowing  6  Points  to  the  left  Hand,  the  true  Courfe  will  be 
N.bjrE. 

It  IS  plain,  by  the  preceding  Examples,  that  if  the  Leeway  is  made 
towards  the  Meridian,  it  is  taken  from  the  Courfe  fteered ;  but  when 
it  is  made  from  the  Meridian,  it  muft  add  to  the  CourfeKeered,  to 
find  the  true  Courfe.  The  fame  jnay  be  obferved  of  the  Sum  or 
Difference  of  the  Leeway  and  Variation,  as  may  be  fecn  by  the  f<d- 
lowing  Table,  which  is  here  fet  down  to  exercife  the  young  Na«- 
vigator  in  the  foregoing  Rules. 


The      T    A    B    L 
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Note.  In  failing  in  the  Channel,  or  along  a  Coaft  in  a  Tide  or 
Current,  particular  Care  muft  be  taken  to  take  its  Setting  for  a, 
Courfe,  and  its  Drift  for  a  Diftance,  which  muft  be  entered  among 
the  Courfes  and  Diftanccs  in  the  Table  of  that  Da/s  Reckoning* 
And  where  the  Setting  of  the  Tide  and  Drift  are  not  known,  vou 
muft  attain  the  Point  it  muft  fet  upon,  both  of  the  Flood  and  £bby 
from  the  Chart  of  the  Coaft  you  are  failing  along,  by  the  Times  of 
High  Water  at  different  Places  on  the  Coaft,  and  bv  the  Principles 
of  Fluids  adling  againft  furh  Rocks,  Shoals,  Sand  Banks,  &c.  By 
a  ftria  Regard  to  thefe;  both  the  Drift  and  Setting  of  the  Tides 
may  be.  pretty  nearly  afcertained  and  allowed  for. 

Currents,  the  Way  they^fet  you,  and  the  Diftance  you  fuppofe 
you  are  driven  by  them,  is  to  be  fet  in  the  Traverfe  Table  for  the 
Day,  as  any  other  Courfe  and  Diftance. 

EXAMPLE      V. 

Suppofe  I  try  the  Current,  and  find  it  to  fet  W.  by  N.  per  Com- 
pafs  one  Mile  per  Hour,  the  Variation  being  one  Point  Eafterly ;  then 
if  I  fall  in  that  Current  24  Hours,  I  fet  down  in  the  Table  as  a 
Courfe,  W.  N.  W.  Diftance  24  Miles. 

Heave  of  the  Sea  is  to  be  accounted  for  in  the  fame  Manner  as 
Currents  :  As,  fuppofe  there  is  a  great  Sea  heaving  towards  the  S. 
W.  by  my  Compafs,  there  being  Half  a  Point  Wefterly  Variation, 
1  then  fet  down  in  my  Traverfe  Table  S.  W.  by  S.  half  Wefterly, 
with  fo  much  Diftance  as  I  judge  the  Sea  has  heaved  the  Ship. 

At  leaving  the  Land,  the  oppofite  Point  to  the  Bearing,  with  the 
'  Variation  allowed  upon  it,  and  the  Diftance  you  judge  yourfclf  from 
it,  muft  be  fet  do\)vn  in  the  Traverfe  Table  as  a  Courffe  and  Dif- 
unce. 

EXAMPLE      VL 

Suppofe  having  one  and  a  quarter  Point  Wefterly  Variation,  the  ^ 
Start  bearing  by  my  Compafs  N.  N.  E.  diftant  four  Leagues  ;  the  op- 
pofite Point  to  N.  N.  E.  is  S.  S.  W,  which,  with  the  Variation, 
makes  S.  |  Wefterly,  for  the  Courfe  to  be  fet  in  the  Traverfe  Table 
diftant  12  Miles. 

When  you  make  the  Land  your  Bearing,  itfelf  (with  the  Varia- 
tion allowed  upon  it)  and  the  Diftance  you  judge  yourfelf  from  it,  is 
to  be  (et  down  in  the  Traverfe  Table  as  a  Courfe  and  Diftance,  This 
needs  no  Example. 

The  Courfes  marked  on  the  Log-board  are  the  Courfes  fteered  by 
the  Compafs.  In  order  to  obtain  the  true  Courfe,  it  is  neceflary  to 
allow  both  for  the  Variation  of  the  Compafs,  and  for  the  Leeway 
upon  each  Courfe  on  the  Log-board,  as  has  been  (hewn,  before 
they  are  put  int»  the  Traverfe  Table. 

Every  Day,  at  Noon,  the  Log-board  is  to  be  tranfcribed  into  the 
Log-book,  which  is  ruled  exaftly  like  the  Log-board. 

Y  2  Marineii 
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Mariners  reckon  by  the  civil  Account  of  Time  ufed  on  Shore, 
but  they  keep  the  Reckoning  for  the  Ship's  Place,  by  beginning  at 
Noon,  and  counting  from  thence  24  Hours  to  the  next  Noon.  From 
Noon  to  Midnight  they  mark  with  P.  M.  fignifying  after  Mid-day  ; 
and  the  fecond  12  Hours  with  A.  M.  fignifying  after  Midnight; 
ending  their  Day's  Work  at  the  Noon  of  the  civil  Day.  Hence 
their  Ship's  Account  is  12  Hours  earlier  than  their  Shore  Account 
of  Time.  And  as  the  Sun's  Declination  ufed  for  finally  deter* 
mining  the  Ship's  Place  at  the  End  of  the  Sea  Day  is  calculated 
for  the  Noon  of  the  common  Day  at  London  or  Greenwich,  there- 
fore the  Declination  for  the  Noon  of  the  civil  Day,  muft  be  taken 
for  determining  the  Latitude,  &c.  at  iinifliing  their  Day's  Account. 
Thus  a  Day's  Work  marked  Tuefday,  May  the  6th,  began  on 
Monday  at  Noon,  and  ends  on  Tuefday  Noon,  fo  that  the  Sun's  De- 
clination for  the  6th  of  May  is  ufed  for  the  Noon  of  Tuefday, 
and  fitted  to  the  Meridian  of  the  Ship,  according  as  fhe  is  E.  or  W. 
of  London. 

There  are  various  Methods  of  keeping  a  Sea  Journal,  according 
10  the  Sentiments  of  various  Perfons  with  Regard  to  what  deferves 
being  recoided  ;  Some  approve  of  a  Journal  including  the  Log-book, 
each  Day's  Work  at  fome  Length,  and  fuch  Occurrences  as  feem  of 
moft  Importance  j  while  others  prefer  a  fhort  Abftraft  of  this  long 
Journal,  containing  little  more  than  the  Courfe  run,  the  Latitude 
and  Longitude  in,  and  fometimes  the  Bearing  and  Diftance  of  the 
intended  Port  for  each  Day. 

In  the  following  Journal  the  long  Form  is  ufed  as  reprefenting 
more  fully  each  Day's  Work,  and  the  necefiary  Correftions  j  and 
an  Abftradt  of  this  may  be  drawn  out  in  the  fhorteft  Form  .that 
feems  confiflent  with  Diftindtncfs.  The  Learner  ought  to  be 
thoroughly  acquainted  with  the  long  Form,  and  when  he  does  that, 
he  may  either  continue  it,  or  take  the  fhorteft  Form  ;  or  retrenching 
flrom  the  firft,  and  adding  to  the  fecond,  what  Particulars  he  things 
proper,  and  thereby  make  out  a  Form  adapted  to  his  own  particular 
Taflc. 
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Rules  for  correcting  the  Dead  Reckoning  by 
an  Obfcrvation. 

NOTWITHSTANDING  thcRules  already  UU  down  for  keep, 
ing  a  Ship's  Way  at .  Sea,  yet  by  Reafon  of  the  feveral  Acci- 
dents that  may  attend  a  Ship  in  one  Day's  Run,  fuch  as  fwclling 
Seas,  different  Rates  of  failing  between  the  Times  of  heaving  the 
Log,  want  of  Care  at  the  Helm  in  letting  the  Ship  yaw  or  falj  ofl^ 
accidental  Currents,  fuddcn  Squalls,  when  no  Account  can  be  kep^ 
&c.  the  Latitude  bv  Account  and  Latitude  by  Obfervation  may  very 
often  differ,  then  it  is  neceffary  that  proper  Corredions  bemadeiA 
the  Difference  of  Longitude. 

When  you  have  made  all  proper  Allowances  you  can,  fuch  as  fat 
Leeway,  Variation,  Currents,  &c.  and  ftill  find  that  vour  Latitude 
by  Account  will  not  agree  with  your  Latitude  by  Obfervation,  then 
you  muft  correct:  as  follows : 

Firfl,  Confider  whether  you  have  made  proper  Allowances  for 
Currents,  Heave  of  the  Sea,  if  the  Courfe  at  the  Helm  has  been 
carefully  attended  to,  if  the  Log-line  and  Half-minute  Glafs  be 
jufl,  and  the  Log  properly  hove,  tor  any  fudden  Squalls,  or  proper 
Allowances  made  for  the  Leeway,  &c.  which  of  thefe  you  conjecture 
your  Error  is  in  ;  make  what  Allowances  you  think  meet  to  your 
"Difference  of  Latitude  and  Departure  by  Dead  Reckoning,  and  fee 
if  that  will  reform  your  Latitude  by  Account,  fo  as  to  make  it  agree 
with  your  Latitude  by  Obfervation ;  if  it  does,  you  have  gueiled 
right;  (for  you  mufl  always  keep  to  the  Latitude  by  Obfervation,  it 
being  the  only  Thing  to  be  depended  on  ;)  but  if  it  will  not  agree 
with  the  obferved  Latitude,  it  is  to  be  fuppofed  that  there  are  Mit- 
takes  in  your  Conjedure,  or  fome  other  Caufe  which  produces  the 
Error  in  the  Reckoning,  and  flands  in  need  of  being  corrected.  In 
this  Cafe,  you  are  firfl:  to  examine  your  Log-line  and  Half-minute 
Glafs,  and  if  there  be  an  Error  in  them,  allow  for  itj  as  in  the  fol- 
lowing Example. 

EXAMPLE!. 

Yeflerday,  at  Noon,  we  were  in  Latitude  48^  20'  N.  and  till  this 
Day  at  Noon  we  have  failed  S.  S.  W.  48  Miles,  S.  W.  hy  S.  36 
Miles,  N..E.  24  Miles,  and  find  by  a  good  Obfervation  that  we  arc 
inX^t.  47°  14'  N, 


TRAVERSE 
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Courfes. 

Dift. 

N. 

S. 

E. 

W. 

S.  S.  w. 

S.  W.byS. 

N.E. 

48 
24 

17,0 

44>4 

17,0 

18,4 

20,0 

17,0 

74*3 
17,0 

38,4 
17,0 

57»3 

21,4 

By  the  Traverfe  Table  it  SLppcstrs  that  by  Account  the  DiC  Hf 
Im.  is  57.3  S.  and  the  Departure  21.4  W. 

No  "       "  ' 


Tow  the  Lat.  left  was 
Diff.  of  Lat.  by  Account 

Latitude  in  by  Account 


48° 

o 


20'N. 
57  S. 


47    asN. 


Differing  9  Miles  from  the  true  Latitude  by  Obfervation. 
Wherefore  I  examine  the  Log-line  and  Half-minute  Glafs,  and 
find  that  the  former  meafures  52  Feet  between  Knot  and  Knot,  and 
diat  the  latter  runs  only  27  Seconds.  Now  as  the  Log-line  and  Half- 
minute  Glafs  are  both  faulty,  I  correct  my  Difference  of  Latitude 
and  Departure  as  in  Cafe  lU.  and  find  my  corred  Difference  of 
l^tude  66.2  S.  and  ihy  Departure  24.7  W. 

Now  from  Latitude  left  40®2o'N. 

Take  Diff*.  coneded  for  Error  in  Difl^  i     6  S. 


Lat.  in,  correfied  for  Error  in  Difl. 


47  H  N. 


Agreeing  exactly  with  my  Latitude  by  Obfervation  :  I  therefore 
conclude  my  Reckoning  fufficiently  correft.  Then  with  the  Dif- 
ference of  Latitude  66.2,  and  Departure  24.7,  together  with  Yeftcr* 
day's  Latitude,  I  find  the  Difference  of  Longitude  either  by  Middle 
Latitude  or  Mercator's  Sailing. 

In  the  laft  Example  57*3,  and  21.4,  multiplied  feverall^  by  156, 
thrice  the  roeafured  Length  of  a  Knot,  and  divide  the  two  ProduAs 
by  135,  five  Times  the  meafurcd  Time  of  the  Glafs,  will  give  the 
Difference  of  Latitude  66.2,  and  Departure  24.7,  which  is  the  iamc 
Thing  as  if  every  Courfe  had  been  correfted  ieparately. 


EXAMPLE 
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EXAMPLE,      n. 
Yefterday  at  Noon,  we  were  in  Lat.  36"  15' N.  and  have  fiiile4 
thefe  24  Hours  S.  E.  f  E.  55  Miles,  N.  E;  by  N.  20  Miles,  W.  S. 
W.  70  Miles,  S.  by  W.  f  W.  20  Miles,  and  by  Obfervation  this 
Day  at  Noon  we  are  in  Lat.  34°  56'  N. 

The    TRAVERSE    TABLE. 


Courfcs. 

pift. 

55 

20 

70 

20 

N.   ' 

& 

E. 

w. 

S.E.fE. 

N.  E.  bv'N. 

W.  S.  W. 

S.hyW.iW. 

16.6 

34-9 

26.8 
19.X 

42.5 
11.1 

64.7 
5.8 

16.6 

80.8 
16.6 

53-6 

70.5 
53-6 

64.2 

16.9 

By  the  Traverfe  Table  it  appears  that  by  Account  the  Diff.  of 
Lat.  is  64.2  S.  and  the  Departure  16.9  W. 

Latitude  failed  from  36**    15'N. 

Difference  of  Latitude  by  Account  i       4  S. 

I^atitude  in  by  Account  35     1 1  N» 

Differing  15  Miles  from  the  Latitude  by  Obfervation. 

I  now  examine  the  Log-line  and  Half-minute  Glafs,  and  find 
them  both  right.  Next  1  confider  whether  there  be  any  Current^ 
and  I  think  1  have  Reafon  to  fufpeit  one :  Upon  Trial  I  find  there 
is  one  fctting  S.  S.  W.  I  W.  at  the  Rate  of  7  Fathoms  an  Hour^ 
and  judge  I  have  been  in  it  thefe  24  Hours.  Then  7  Fathoms  (or 
Tenths  of  a  Knot)  per  Hour,  in  24  Hours,  makes  about  17  Miles ; 
and  to  the  Dift.  17  Miles,  and  Courfc  S.  S.  W.  J  W.  the  Diff.  of 
Lat*  is  14^6  S.  and  Departure  8.7  W. 

Diff.  Lat.     Dep. 
Now  by  Tra.  Table  64.2S.  16.9W.    Latitude  failed  from        36**  ij'N. 
AndbyCuiicnt        14.6S.     8.7W,    Diff.  of  Lat.  cor.  for  Cur.  i     19  S, 


CorxeflforCurxcnt  78.8S.  25.6         Lat.  in  correft  for  Cur.    34    j6N, 

Which  agreeing  with  my  Latitude  by  Obfervation^  I  conclude 
that  my  Reckoning  is  Right ;  then  having  the  Latitude  left,  and 
Latitude  come  to,  the  Difference  of  Longitude  may  be  found  either 
by  Middle  Latitude  or  Mercator's  Sailing  as  before. 

If  after  all  proper  Allowances  are  made  for  Errors  in  Diftance, 
Currents^  ice.  the  Latitude  by  Account  and  obferved  Latitude  (hould 

i  difagree. 
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difagrec,  then  the  Reckoning  muft  yet  be  further  correflcd  ;  to  do 
which,  the  following  are  the  common^  and  feehi  to  be  the  moft  ra-^ 
lional  Methods. 

C    A    S    E      I. 

Jf  the  Courfe  found  by  Dead  Reckoning  he  lefs  than  3   Points  or  ^i 

Degrees* 

Rule.  To  the  Difference  of  Latitude  and  Departure  by  AccgunC 
find  a  Courfe  ;  to  this  Courfe  and  the  Difference  of  Latitude  by  Ob- 
fervation,  find  the  Difference  of  Longitude^  either  by  Middle  La- 
titude or  Mercator^s  Sailing. 

EXAMPLE. 

4  Yefterday^  at  Noon,  we  were  in  Lat.  39°  18' N.  by  an  Cibferva-  - 
don,  this  Noon  we  are  in  Lat.  37*^48'  N,  and  our  Dead  Reckoning 

fives  107  Miles  of  Southing,  and  64  of  Welting  ;  required  the  true 
)'ifference  of  Longitude  ? 
To  the  Difference  of  Latitude  107,  and  Departure  64,  I  find  the 
Courfe  2  I  Points  ;  then  with  the  Meridional  Difference  of  Latitude 
between  the  two  Obfervations  115,  and  the  fame  Courfe,  I  find  the 
true  Difference  of  Longitude  69  Miles. 

CASE      IL 

If  the  Courfe  found  by  Dead  Reckoning  be  more  than  3  Points^  or  33%, 
and  lefs  than  5  Points^  or  56®. 

Rule.  With  the  Diff.  of  Lat.  and  Dep.  by  Account,  find  the 
Diftance  ;  with  this  Diftance,  and  Diff.  of  Lat.  by  Obfervation, 
find  another  Departure.  Take  half  the  Sum  of  this  I)ep,  and  Dep* 
by  Account,  for  the  true  Dep.  with  which  and  the  Diff.  of  Lat*  by 
Obfervation,  find  the  Diff.  of  Lon^. 

EXAMPLE. 

Yefterday,  at  Noon,  we  were  in  Lat.  $1^  40'  N.  and  are  this  Nooit 
in  Lat.  54°  22'  N.  having  by  Account  made  84  Miles  of  Northing 
and  76  Miles  of  Welling ;  required  the  true  Difference  of  Lon- 
gitude } 

To  the  Diff.  of  Lat.  84,  and  Dep.  76,  the  Diftance  is  113  Miles^ 
and  the  Courfe  42"^. 

To  Dift.  113,  and  Diff.  of  Lat.  between  the  two  Obfervations 
102,  the  Dep.  is  47.7  ;  then  76  added  to  47.7,  is  123.7,  half  of  which 
is -61.8,  the  true  Dep. 

To  Dep.  61.8,  and  Diff.  of  Lat.  by  Obfervation  102,  the  Courfe 
is  31'',  and  with  the  Courfe  31%  and  the  Meridional  Diff.  of  Lat. 
betwceo  the  two  Obfertations  171,  1  find  the  Diff.  of  Long,  is  103 
Miles. 

CASE  . 
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CASE      III. 

if  the  Courfe  by  Dead  Reckoning  be  more  than  5  Points^  6r  56^4 

Rule.  With  the  Diff.  of  Lat.  and  Departure  by  Account  find  the 
t>iftance  •  then  with  this  Dift.  and  Diff.  of  Lat.  by  Obfervaticlil  find 
the  DitF.  of  Long. 

EXAMPLE* 

Yefterday  at  Noon  we  were  in  Lat.  38**  52'  N.  to-dity  at  Noon  ^tt 
are  in  Lat.  40°  18'  N.  and  by  Account  have  made  68  Miles  of  l^orth- 
ihg,  and  112  Miles  of  Weifting";  required  the  true  Dif*  df  Longitude  ? 

With  the  DifF.  of  Lat.  68,  and  Depar.  112,  I  find  the  Dift.  ijz 
Miles,  and  to  Diftance  132,  and  DifF.  of  f/at.  by  Obfervation  to, 
the  Courfe  is  49®  30'  nearly  j  with  this  Courfe,  and  the  Meridiond 
DifF.  of  Lat^  between  the  two  Obfervations  111,  the  Diff*  of  Long* 
is  130  Miles. 

The  Reafon  of"  the  above  Rules  is  plain,  if  weconfider,  that  Wheti 
a  Ship  fails  near  the  Meridian  it  will  require  a  fenfible  Error  in  tl^ 
Courfe  to  make  any  confiderable  Error  in  the  Difference  of  Latitude  ; 
which  can  hardly  happen  if  proper  Care  is  taken  at  the  Helm  ;  atid 
therefore  it  is  moft  likely  that  the  Error  is  in  the  Diftance  run ;  but 
when  the  Courfe  is  near  tjie  Middle  of  the  Quadrant^  or  between  3 
and  5  Points  from  the  Meridian,  it  is  then  probable  the  Error  may 
be  in  both  the  Courfe  and  Diftance ;  and  when  the  Courfe  is  more 
than  five  Points  from  the  Meridian^  it  is  then  moft  likely  the  Error 
is  in  the  Courfe^  as  it  will  require  a  great  Error  in  the  Diftance  to 
make  any  confiderable  one  in  the  Difference  of  Latitude. 

Note*  As  the  true  Place  of  a  Ship  depends  upon  her  Lati-and 
Long,  being  truly  afcertained,  I  have  fet  thefe  down  onlyj  the  reft 
being  of  lefs  Confequence  to  the  Mariner. 

To  correSi  for  feverat  liayu 

By  Help  of  the  three  preceding  Rules,  the  Long,  may  al\frays  be 
Correfted  for  a  fingle  Day,  but  if  an  Obfervation  has  been  wanted  for 
one  or  more  Days,  then  mark  the  Lat.  and  Long,  at  laft  Obferva^i 
tbn,  or  if  this  he  ydur  firft  Obfervation  fince  leaving  the  Land, 
mark  the  Lat.  and  Long,  of  the  Land  you  left  j  this  is  the  pnly  Lat* 
and  Long*  you  can  call  certain  j  all  the  following  Part  of  the  Keck- 
pning  muft  undergo  a  CorreSiort,  which  is  made  as  follows : 

Take  the  Northings,  Southings^  Eaftings,  and  Wcftings,  that 
you  have  made  fince  your  laft  Obfervation  5  or  if  it  be  your  firft  Ob- 
fervation^ then  for  every  Day  from  your  leaving  the  Land,  minding 
not  to  leave  out  the  Diff*  of  Lat.  and  Dep.  of  the  Day  you  correft 
on,  and  bring  them  into  a  Traverfe  Table,  by  which  you  will  have 
the  whole  Diff.  of  Lat.  and  Dep.  by  Account  fince  the  laft  Obfer- 
vation ;  and  with  that  fame  Diff.  of  Lat.  and  Dep.  find  the  Courfe 
by  Dead  Reckoning,  then  obferve  which  of  the  foregoing  Cafes  that 
Courfe  falls  under,   and  correal  by  the  Rule  for  that  Cafe.     But 

Z  when 
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when  an  Obfervation  has  been  wanting  for  feveral  Days,  then  maric 
the  Latitude  ahd  Longitude  you  were  in  at  your  kit  Obfervation,  of 
leaving  ih^  Land  as  before,  and  then  you  may  corred  with  a  greater 
Degree  of  Certainty  -,  efpecially  in  High  Lacitu(les,  by  the  following 
Rules. 

CASE      L 

Reckoning,  from  the  laft  certain  Latitude  and  Longitude. 

.When^.the  Courfc  givenby  the  Meridional  Diff".  of  Lat.  and  Diffl 
of  Long,  by  Account,  taken  as  Diff.  of  Lat.  and  Dep.  is  lefs  than 
3  Points,,  or  33  Degrees. 

|luLE.  'To  the  Mer^  Diff.  of  Lat.  and  Diff.  of  Long,  by  Account 
(taken  as  Diff.  of  Lat.  and  Dep.  as  (hiewn  in  the  Mercator's  Sail- 
ing) find  a  Courfe,  with  iJKis  Courfe  and  the  Merid.  Diff.  of  Lat.  by 
'  Obfervation,  "find  a  corrctpdnding  Dep,  which  will  be  the  corrcCT 
Diff.  of  Long.:  - 


,  my  true  Difference  of  Longitude  ? 

M.Par^s.  M.  Parts^ 

Lat  failedrfrfem..  49 -57  N.     3470    Lat.  failed  from  49  57     34'?c> 
Lat.  by  Account  45  12  N.     3047     La^  by  Obfer.    45  23     3063 

Meridi  Diff.  of  Lat.  by  Ace.    423    Mer.  Diff.  of  Lat.  by  Obf.  407 

To  Meridi  Diff.  of.  Lat.  by  Ace.  423,  and  Diff.  ofLong.by  Ace. 
173,  the  Courfe  is  22^  15'.  Then  with  the  Courfe  22**  15',  and 
Meridional  Diff.  of  Lat.  between  the  Obfervations  407,  I  find  the 
Diff*  of  Long,  is  167  Miles. 

CASE.     IL 

When  the  Courfe  given  by  the  Meridional  Diff.  of  Lat.  and  Diff. 
©f  Long,  by  Account  (taken  as  before)  is  greater  than  3  Points^ 
and  lefs  than  5  Points. 

RuLE^  To  the  Merid.  Diff.  of  Lat.  and  Diff.  of  Long,  by  Ac- 
count, taken  as  Difference  of  Latitude  and  Departure,  find  a  Dif- 
tance  s  with  this  Diftancc,  and  Meridian  Difference  of  Latitude  by 
ObferVatidrtj  find  a  correfponding  Departure  j  Half  the  Sum  of  this 
Depiirturt,  land  the  Difference  of  Longitude  by  Account,  is  the 
corrcft  Diffeirencc  of  Longitude. 


EXAMPLE 


THE    DEAp    RECKONING.  179 

EXAMPLE      11. 

Three  Days  ago  we  were  in  Lat.  45**  23'  N.  and  have  fince  that 
Time  failed  between  South  and  Weft,  have  by  Dead  Reckoning  al- 
tered our  Lat.  94  Miles,  and  our  Long.  147  Miles ;  but  by  an  Ob- 
fervation  this  Day,  we  find  we  are  in  Lat.  43°  34' ;  required  the  cor- 
real Difference  of  Longitude  ? 

M.  Parts.  M.  Parts^ 

Lat,  failed  from  45**  23'N.     3063     Lat.  failed  from    45°  23'     3063 
Lat.  by  Ace.       43*»49N.    2931     LatbyObf.         43  34     2910 

Mer.  Diff.  of  Lat.  by  Ace.     132     Mer.  Diff.  by  Obfer.  153 

With  the  Meridisln  Difference  of  Latitude  by  Ace.  132,  and 
Difference  of  Longitude  by  Ace.  147,  I  find  the  Diftance  198,  and 
Courfe  48**.  Then  to  Diftance  198,  and  Meridian  Difference  of 
Latitude  by  Obfervation  153,  the  Dep.  is  125  ;  now  125  added  to 
147  is  272,  and  half  this  Sum,  viz,  136,  is  the  correft  DiiF.  of  Lon, 

CASE    in. 

When  the  Courfe  given  by  the  Meridian  Difference  of  Latitude 
and  Difference  of  Longitude  by  Account  (taken  as  before)  is  more 
than  5  Points  or  56  Degrees. 

Rule,  To  the  Meridian  Difference  of  Latitude  and  Difference  of 
Longitude  by  Account,  taken  as  Difference  of  Latitude  and  Depart, 
find  a  Diftance. 

To  this  Diftance  and  Meridian  Difference  of  Latitude  by  Obferva- 
tion, find  a  correfponding  Departure,  this  Departure  will  be  the  cor- 
reftDifference  of  Longitude. 

EXAMPLE      IIL 

Two  Days  ago  I  was  in  Latitude  43®  34' N-  and  have  fince  then 
made  by  Account  50  Miles  of  Southing,  and  256  Miles  Difference 
of  Longitude  Weft,  but  find  by  Obfervation  thiit  I  am  in  4^2*"  30' N. 
what  is  my  true  Difference  of  Longitude  ? 

M.  Parts.  M.  Parts. 

Lat.  failed  from  43°34'N.      2910     Lat,  failed  from  43^34'      2910 
L^t.  byAccou^^t42  44N.      2841     Lat.  byObfcr.    4230      2822 

Mer.  Diff.  of  Lat,  by  Ace.        69     Mer.  Diff.  of  Lat,  by  Obfer.  88 

Then  to  Meridian  Difference  of  Latitude  by  Account  69,  and 
Diff.  of  Longitude  by  Account  256  (taken  as  Difference  of  Latitude 
and  Departure)  the  Diftance  is  265,  and  Courfe  75  Degrees. 

And  to  Diftance  265,  and  Difference  of  Latitude  88  (the  Merid. 
Difference  of  Latitude  by  Obfervation)  the  Dep.  is  250,  which  is 
the  corrCiSl  Dift'.  of  Long. 

Here  we  have  given  at  fome  Length  the  different  Methods  of  cor- 
refting  the  Dead  Reckoning  by  an  Obfervation,  which  are  readily 
done  by  the  Table  of  Difference  of  Latitude  and  Departure. 

Z  2  The 


ito  RULES    FOR    CORRECTING,  &c. 

The  Ship's  Way  is  generally  greater  than  the  Diflance  given  by 
the  Log,  and  it  is  sdways  MeA  to  have  the  Reckoning  a^head  of  the 
Ship,  that  the  Mariner  may  be  looking  out  for  Land,  and  not  make 
it  before  he  is  aware  of  it. 

When  a  great  Sea  fets  after  the  Ship,  it  is  common  t^  allow  one 
Mile  over  for  every  ^en  given  by  the  Log,  for  the  Heave  of  the  Sea  j 
but  if  the  Sea  be  againft  or  athwart  her,  her  Diftance  mull  be  lefs 
than  that  given  by  the  I-og, 

The  Error  in  the  Ship's  Reckoning  is  frequently  attributed  tQ 
unknown  Currents  ;  for  by  various  Caufes  yet  undetermined,  there 
lure  many  counter  Motions  of  the  Water  in  the  open  Seas,  as  well 
as  thofe  ubferved  near  the  Shores,  where  the  Motions  may  be  toler- 
ably well  accounted  for*  Son^e  of  the  obferved  Currents  in  the 
great  Seas  may  perhaps  be  owing  to  the  Tides  following  the  Mooii, 
;ind  to  the  libratory  Motion  the  Waters  m^y  have  thereby,  and  the 
unfettled  Setting  and  Drift  of  thefe  Currents  may  poffibly  de- 
pend on  the  Change  in  the  Moon's  t)?clination.  However,  it; 
is  well  known  from  Obfervations,  that  the  Trade  Winds  occafion 
a  confiderable  Current  within  their  Limits,  particularly  within  the 
Torrid  Zone,  where  the  Motion  is  perpetually  towards  the  Weft,  at 
the  Rate  of  8  or  lo  Miles  a  Day,  but  at  the  Extremities  of  the 
Trade  Winds,  or  near  the  Latitudes^  of  30®  N,  or  S,  it  is  likely 
that  the  Currents  are  compounded  of  the  faid  Weftern  M^Uon,  an4 
of  one  towards  the  Equator  ;  therefore,  all  Ships  failing  within  thefe 
Limits  fhould  allow  a  Courfe  each  Day  for  this  Current- 

NoTE.  When  the  DifFerence  of  Latitude  by  Account  is  lefs  than 
the  DifFerence  of  Latitude  by  Obfervation,  the  Ship  is  a- head  of  the 
Reckoning,  but  if  lefs,  the  Reckoning  is  a-head  of  the  Ship. 

When  the  Mariner  is  dubious  of  his  Account  of  Longitude,  he  ge«r 
jierally  runs  into  the  Latitude  of  the  intended  Port,  and  then  fails  E, 
or  W,  if  there  be  Sea  Room,  according  as  it  is  fituated,  and  keeps  ^ 
good  Look-out  for  the  Land. 

The  Method  I  have  chofen  to  introduce  the  young  Manner  into 
the  moft  capital  Part  of  Navigation  is,  by  (hewing  him  firft  how  to 
work  a  few  fepa rate  Day's  Works  independantof  each  other,  and  then 
proceed  to  a  continued  Journal  from  London  to  Madeira,  and  back 
jigain  to  England,  in  which  will  be  infer  ted  moft  of  the  Occurrences 
that  commonly  happen  at  Sea,  or  in  Harbour. 

I  havefeen  many  young  Navigators  who  have  been  taught  the  Prin.^ 
ciples  of  ^Navigation  on  Shore,  very  deficient  in  keeping  a  Journal 
at  Sea  j  and,  therefore,  muft  requeft  the  Teacher  not  to  omit  putting 
the  Pupils  over  the  following  Journal,  which  will  render  them  ready 
^t  Working  a  Day's  Work  at  Spa,  and  Qonfiroi  in  their  Memory 
thpfg  Rules  they  h^ve  bee|i  oyer, 


EXAMPLE 


RULES   FOR  KEEPING    a  JOURNAL. 


iSs 


EXAMPLE      I. 


Ytrflerday  at  Noon  wji  were  in  the  Latitude  of  46*^  28'N.  Longitude  22^  iS'W. 
and  have  failed  M,  this  Day  Noon,  as  by  the  Log-board^  the  Tide  having 
all  the  Time  fet  S.  by  E.  z}  Miles  per  Hour ;  Required  the  Ship's  Flico 
and  the  diredl  Courfe  and  Dillahce  made  good  ? 


Ldc-BoAKi>^ 


H,K 


I 
a 
3 
4 
5 
6 

7 
8, 

9 
10 

Jj 

12 

I 

4 

I 

7 

9 
10 

f 
12 


Fj  Courfes*  WiiidaJLec^way, 


N.  N.  E, 


E.  N,  E, 


E.  hy  S. 


Sm  Si  h,* 


w. 


N.W, 


N. 


Travehbm  Table, 
Courfcs.  Dift.  IST. 


N.  N.  E 
E.  R  E, 
E*  by  S* 
S.  S,  E. 
S.  by  E* 


3' 
36 


zB.6 
'3-4 


42*0 


"§7 


DifflLati   70.Q 


Dep,    LaL— 46W 
Diff.  Lar,  —   1 


2ii'N, 
II  S. 


11,9 
32  3 

3^3 
19,^ 

U.7 


iio<7 


W. 


Dep. 


M.  Par, -3 156 


PreC  Lat.  — ^  4y     1 7  N>     M.  Par.  —  30^4' 


Sum  Lat,  — 91     45     MerrDrLat,=:rioi 

Mid-Lar,  —  45     53 
Cix  M,  Lat>  44    oS 


Dep.  Long. — 21 
IHSl  of  Long.  2 


39  E,  or  z^  40' 


PreT  Long.— >f9     39  W, 


Dirca  Courfe — S,  ^7^  zz^E. 
Diftancc    —     131  Miles* 


The  Courfes  and  Winds  on  the  Log-board  being  examined,  it  appears  that  the  Ship 
goes  large,  and  has  no  Lee- way  ;  therefore  the  fevcral  Courles  from  the  Log* 
board  are  entered  in  the  Travcrfe  Table  without  Alteration. 

3Next  the  Fathoms  and  Knots  belonging  to  each  Courfe  are  fummed  up,  and  the 
Rcfults  are  put  in  the  Column  of  Diftanccs  in  the  Travcrfe  Table ;  and  to  thefe 
Courfes  and  Diftances,  the  whole  Difference  of  Latitude  and  Departure  are 
found. 

Then  having  the  Latitude  left,  and  the  Latitude  come  to ;  find  the  Complement 
of  the  Middle  Latitude,  and  with  that,  and  the  Departure,  find  the  Courfii^ 
&c.  by  Middle  Latitude  Sailing. 

Or  with  the  Courfe,  and  Meridional  Difference  of  Latitude,  find  the  Dififerenco 
of  Longitude,  by  Mercator's  bailing. 

Note,  when  the  odd  Fathoms  are  above  five,  wc  allow  one  Knot,  but,  if  under 
five,  nothing  is  allowed. 


EXAMPLE 


^u 


RULES    FOR  KEEPING    k  JOURNAL, 


EXAMPLE      IL 

Eeing  Ycftcrday  Noon  in  Latitude  25^  30' S.  and  Longitude  lo'*  15;'  E.  we  havii 
faSed  till  tliis  Day  Noon,  as  per  Log-board,  in  a  Current  letting  South 
a  i  Miles  an  Hour,  the  Variation  i  i  Point  Weft :  Required  the  Ship's 
Place  ? 


hW 


ii 


Log-Boa  RD< 


6 

u 


16 


3 
4 
5 
6 

7 
8 

10 


Fl  Courfo* 


5 


S.  W. 


S,  by  W, 


s.  s.  w. 


Winds. 


L.Way, 


W.KW. 


W,  by  S. 


W. 


S.E.byS. 


S.W,byS 


Traverse    Ia^le. 


S.byW,tW. 
S.byE,4E. 

S.  tE, 
SE.byE.4E, 
S.  by  E.  tE, 


Courfes. 


Dift. 


N. 


30 
32 
30 
39 
60 


Diff.  Lat 


S. 


28,7 

30*6 

29.9 
18,4 

57*4 


165/? 


.E. 


9»3 

2,9 

34»4 

J  7*+ 


64,0 

8>7 


iiii 


W. 


8.7 


Pep 


Co.  M.  Lat.  63    08 


Diff.  Lat. --2«  45 'S. 

Dep.  Lat,—  25    30  S.    Mei.  Parts  15S3 

Pref.  Lat.—  28     1 5  S.    Mer.  Parts  1768 

Sum  Lat.  ^  53    45;    M,  Diff,  Lat.    185 

Mid.  Lat.— 26    52 


Long,  left— 10''  15'E. 

Dif.  Long.—  I     02  E.  or  i**  01'  i  E. 

Pref.  Lon. — 11     17  E. 

CourfeisS.  18*^  30' E. 
Dillance  174  Miles, 


The  Courfes  and  Winds  on  the  Log-board  being  examined,  it  appears  that  the 
Ship  is  clofe  hauled  on  each  Tack,  and  one  Point  Lee- way  being  allowed, 
reduces  the  Courfes,  and  taking  a  Courfe  for  the  Current  S.  thefe  feveral 
Courfes  being  correfted  by  the  Variation  i  i  Point  Weft,  give  thofe  in  the 
Traverfe  ■  Table,  to  which  the  whole  Difference  of  Latitude  and  Departure  is 
to  be  found  as  above. 

And  hence  the  prefent.  Latitude  and  Longitude  may  be  found,  either  by  Middle 
Latitude  or  Mcrcator's  Sailing ;  for  as  the  Ship  is  near  the  Equator,  the 
Difitronce  will  be  almoft  infeniiblc. 

Note.  In  the  two  following  Examples,  the  Courfes  are  correfted  to  the  neaneft 
Degrees,  as  fct  down  in  the  Traverfe  Table,  and  the  odd  Minutes  are-  re- 
jefted. 

EXAM. 


fttJtES    FOR    KEEPING    a    JOURNAL      lii 


EXAMPLE  m. 
Yeftcrday  at  Noon  wc  were  in  I^ititade  33®  40'  N.  Lon^tudc  1 6°  20'  Weft, 
the  Sunwasobferved  to  fct  50^  18  from  the  North  Point  of  the  Compafs  j 
wc  have  failed  this  Day  Noon,  as  per  Log-board,  in  a  CurreAt  fcttingW. 
S.  W.  I  i  Mile  per  Hour:  Required  the  Ship's  Place,  and  her  Courfe  and 
Diftance  to  the  Weft  End  of  the  Ifland  of  Madeira  ? 


LoG-BoARU, 
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H 

k 
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S.  10  w. 


N. 


40 
70 

36 


010".  Lat. 


S. 


40jO 
68,9 

41*7 
26,6 


r7i*a 


0,7 


W. 


'^.7 


Pep. 


Sr,3; 


Be  lb  re  the  CoUHes  can  hz  cotT^SjtA  tft 
put  into  the  Traveife  Tabk>  the  Vark* 
tion  of  the  Compafs  maft  be  fotibd  from; 
the  S  u  ii's  tru  e  An  pi  i  tu  de. 
The  Declination  is  21°  30'  N*  ': 

AsCof.  33^40^ :  Rad,;;Sin.  ji^jo'iSin, 

27^  22V 
So  that  the  true  Amplituder262°  38^^.^ 
Mag,  Ampiitudczzjo    18  W' 


Variation        s=        n   20  W., 
The  Courfes  on  the  Log-board  being 
correded  by  this  Variation  and  the  Lee- 
way, wfilgive  the Courfes fitted  for  the 
TYaverfe  Table, 

pe£.  Lat.        —  33<^  40' N.^ Madeira's  Lat,— 32^  30'N.  M,  Parts  2064 

Pref.  Lat,     -^    30    49  N.  1945 


Diff.Lat.          —    z 

SI  s. 

TreC  Lat.        —  30 

49  N. 

Sum  Lat.               64 
Mid.  Lat.      —     32 
Co.  Mid.  Lat.  —  57 

29 

»4 

46  N. 

Dep.  Long.     —    16 
Diff*  Long.      —       I 

20W. 
36W. 

Pref.  Long.      —   17 

56W. 

Di£  L^t.     —     I 


41 


M9 


JSum  Lat,     — 
Mid.  Lat.    — 


63 
31 


19 
39 


Co.Mid,  Lat.— 58     21 


Madeira's  Long,  17     26  W, 
Pref.  Long.    — 17     56  W. 


Diff.  Lonjg.  —  o 
The  Courfe  N.  14 


30  E. 
30  E. 


Dill.  104  Miles. 

In  the  Work  for  the  Amplitode,  the  Ladtade  at  hun-fet  was  taken  the  fame  as  at  Noon*   ' 
for  although  there  were  about  40  Miles  of  Mooching  in  that  Time,  and  fo  the  Latitude  at  Sun-fct 
was  about  32«  5V  yet  the  Amplitude  being  only  about  15'  leJs,  the  Alteration  in  Variation 
would  fcarcely  a£fe^  the  Difference  of  Latitude  ant  Departure  found  from  the  Courfes  fq 
«onre^cd« 


i«4 


RULES   FOR   KEEPfNG    a   JOURNAL. 


E    X    A    M    P    L    E      ly. 

Yefteriay  it  l^oon  we  were  in  LatitiKic  i^o  30'  S.  artd  Longitude  ©•  16' E.  this  Fcwrtfoal 
#e  obtfcrvcd  the  Sun*$  Altitude  to  be  lc«  40'  when  he  was  800  30'  from  the  North  Point  of  the 
Compafs,  Declination  being  then  170  27' N.  we  have  failed  till  this  Day  Noon,  as  per  Log- 
Board*  in  a  Current  fetting  by  the  Corapafs  W.  N.  W.  J  a  Mik  an  Hour.  Required  the  Ship'* 
PhKe  and  her  dired  Courfe  and  Diftance  to  the  Iflaud  of  St.  Helena. 
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Lac.    in     150  j^' 5,  Sun's  Ak.  ^0^40' Siiii'sDec.  lyo^y'K  , 


Coiu*  Lat.  70*  30'      Com.  Alt-  79  10   P.  Dift.  107  27  N 
Com.  Alt.  79  30 
Po.Difti  107  17 


Sum        2  57   17 


Sec.  lefs  Rad.  Lif^  i9^3o^  0*^5^5 ^S 

Sec*  Tefs  Rid.  Alf.    10  40  a^ocjtf 

ISum  ii3  ^g      SSrisofHalfSum     lag  38  9.8Qi74. 

Po.Diit.107  27    Sine  of  Remaiiider    11   11  9.55795 
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Sum  Lat.       2)36  54  Mer. Diff.  Lat.  133 

Mid.  Lat.         18  27 
90  00 


True  Aiimath  frflra 

True  Azimuth  frdm 
Mag.  Azimuth 

Variation 


Com.  Mid.  Lat.  71  33 


Longitude  left 
Plff.  Long. 

prefent  Loogituda 


000  10' E. 
X    38W. 

I    28VV. 


ri3    <?otheSjuth 
i8o    60 


67    00  E.  thcNottk 
N.  80    30  E. 

13    30  W. 


Lat.  in  1 70  24'S.  Long,  in       i  ^8 W.  M.  P*.  lote 

St.  Hel.Lat.  16  04  S.  St.  Hel.  Lon.  5  54W.M.P.  977 

Diff.  Lat.        120    Diff,  Long.    4  ac6  M.  t).  Lat.  8  j 


In  Miles       80        In  Miles       266 


With  the  Meridional  Difference  of  Ladttidc  anH  Dif- 
ference of  Longitude,  the  direa  Courfe  to  St.  Helena  is 
found  N.  720  40'  W.  and  with  that  Courfe  aAd  t&e  pro- 
per  Difference  of  Latitude  the  Diftance  u  found  a^ 
Miles* 


lAXhis  EyaiBfle  the  Azimuth  is  worked  with  Yefterday*8  Latitude  and  Deelkation>  but  haid  it  belt 
^Ifyd  with  thif  Pay's>  th^  Variation  would  have  bec^  ia«  »€'  Wt 


JOURNAL    of  a    VOYAGE 


FROM 


LONDON    to    MADEIRA, 

lo  the  Hamilton  of  London^  A.  B.  Commander,  kept  bjr 
JAMES  JAMESON,  Mate. 


the  Lizard  in  Lat.  49**  57' N.  Long.  5"  14'^. 
I  Madeira,  in  Lat.  32  38  N,  Long.  17  5  W« 
d  Point  S.  27®  i'  W.  Diftancc  1 156  Miles* 


Departure  taken  from  the  Lizard  in  Lat.  49**  5^'  N.  Long.  5"  HW. 
Bound  for  Funchal,  inA^'  '  ' 
Searing  from  the  Lizard  ] 


In  tfie  following  Journal  are  exemplified  the  Manner  of  allowiq^ 
for  die  Variation,  Leeway,  Lying-to,  Calms,  Currents,  Heave  of  the 
Sea,  &c.  and  to  corred  the  deaid  Reckoning  by  an  Obfervation  ia 
all  Cafes,  with  moft  of  the  Occurrences  that  commonljr  happen  at 
Sea. 


>» 


i86      A   JOURNAL   OF   A   VOYAGE,&c. 


Wcdncfday 
April  23d. 


At  5  A.  M.  the  Pilot  came  on  ^ard  i  then  weighed  and  faileii 
from  Tower  Wharf.  At  1 1  came  to  with  the  Bcft  Bower 
atBIackwall.    WindS.S.W. 


Thurfday 
24th. 


Frelh  Gales  and  cloudy  Weather,  with  Rain. 
At  c  A.  M.  weighed  and  failed ;  at  9  came  to  an  Anchor  at 
Gravefend,  and  cleared  Ship.  Wind  from  S.S.W.  to  N.N.W, 


At  4  P.  M«  weighed  and  failed,  moderate  Weather ;  at  9  came 
to  with  the  Beft  Bower  at  the  Nore  in  9^  Fathoms,  frcfli 
Gales ;  at  4  A.  M.  weighed  and  failed  ;  at  Ti  came  to  An- 
chor in  the  Downs  in  7  Fathoms,  Deal  Caftle  bearing  W, 
i  S.  diftant  3  Miles.    Wind  W.  by  S. 


Friday  25th 


^toxday 


At  i  P.  M,  icEt  the  Pilot  01 
£rfl  'and  middld^^  Pats  modtrai 
ftrong  Gales  and  cloudy, 


£j 


Thefq  24  Hooi;^   tht 
and  '^ir,  4he  iAttetll^ari^ 


Sunday 
27th. 


Strong  Gaks  and  cloudy.  At  2  P.  M.  veered  out  the  Long 
Service  of  the  Beft  Bower,  got  Top-gallant  Yards  down* 
At  4  P.  M.  ftruck  Yardraiki  Top-mafts.  Thefe  24.  Hours 
had  very  hard  Gales  of  Wind.     Wind  W.  by  S. 


Thefe  24  Hours  for  the  inoft  Part  frefh  Gales.  At  4  A.  Mv 
hove  up  fhe  Btfi^  Bower,  and  let  go/^e  jFmall  Bo^yor.  p\t  9 
hove  dp  Ae  fWall  Bbwer,  andlei  ^  the'^Beft^BoWer  ^in. 
People  employed  in  making  Paints  and  Gafkets. 


Monds^ 
28tH:  * 


'29tH. 


Wednefday 


At  6  P.  NL  ftrong  Gales  with  heavy  Rain*  At  8  veered  out 
ftfi,l4Wg.?!^i|^,.>nd^J^go,the  Sheev Ai)ch©r  ^ijndfer  Fqot. . 
At  9  A.  M.  hove  up  the  Sheet  Auc^Jior,    WinJ  variable 

froms.yw.to^wr  - 


Thefe  24  Hours,  for  the  firft  and  middle  Part  moderate  and 
fairy  the  latter  part  ftrong  Gales..    Wind  W,  by  S. 


Mapiift.. 


Thefe  24  Hours,  frelh  G^les  and  iair^    At  3  P.  M.  got  TojC 
galfanflMfaft  dowif-;  at  10  A.  M.  got  Yards  amlTop-inaft' 
;Up..   Wiii(UE.6,S.    ,  .>.,.*..         . 


Note'.  All  Cables  ought  to  be  120  Fathoms  in  Length,  and  arc  in  Pro* 
tipjp  to^  e^ch .  od;i^r>  as ,  the  Cubes  <?f  theji^  Diajijeteis.    .Tbg  rjN*iD}hpr  qf ' 
'4^5  jof  ^ich  a  Cabfe' is  coftipofed  oeing  always  firopordoiuicrtc^the 
Sf  AJB^iicknefs,  am!  the  Weight  ^nd  Value  of  it  is  detefmmecf^  AIs  * 
NWrtber;    The- Number  of  ^Thfeads  and  Welglit  of  Cablesr  of  diftureiit  • 
Ci#ctiltiftl^cj^maybfefeenin4hefoUowih£fTfe^le: -'      '  '-'    '    -''    ' 
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FROM    LONDON    TO    MADEIRA. 


i«7 


H. 

K. 

F.' 

Courlcs- 

Wmds, 

^ay. 

RiMAi^Xs  on  BoarcJ,  Fdday,  May  ^1 

'       4 

\ 

lO 

11 

± 

4 

6 
% 

W 

S,WbyW.|W. 

N.  by  E. 

At  a  P.  M.  hove  fliort. 
At  4  weighed  %nd  falJed  in  Co.  vr\th  z  40 
Giiti  M^n  of  Wjir>  and  10  SajI  of 

At6  S.  Foreland  boreN-N.W,  dlft.  4M, 
Ac  a  A.  M.  Fairlec  bow  N-  dift.  6M. 
At  6  Beachy  bore  N.  by  W,  6  Miki. 
At  S  Bcachy  bow  N,  E-  by  E,  9  Miles. 
Freih  Gale  s  and  clear,  Te vef^)  SJiJ  ps  ftand- 
ing  up  Cbuuiel  j  ckfcieefed  bodiT^i- 

At  Ti  BembTidge  P.  boreW,N,W,  17  NT. 
JStiU  in  Com  pan  J  with  the  Fleet, 

1 

■  1 

z 

t 

g 

JO 

12 

% 

4 

6 

8 

la 

!  t% 

K. 

F- 

CourfcB- 

Winds, 

Lee- 
way. 

R  E  MA  Hi:  B  on  BoanI,  Saturday,  May  3d, 

o 

£ 

a 
t 

6 

Q 

5 
o 

I 

N,  by  E. 

N,  N,  E. 

Frefh  Galci  and  dear. 

At  4.  P.  M.  parted  with  the  Fleet,  they 
bdng  boiind  to  Splthead.  Dunnofe 
bearmg  W.  N.  W.  dlAant  il  Mllrs. ' 

At  s  let  out  one  Reef  of  each  Top-faU. 

A:  7  A,  M»  Portland  Light  bore  W,  N,! 

At  ID  A*  M,  It  bofeN,  E,  u  MUc3, 14 
Sail  in  Sight. 

— ^ 

Being  upon'tjie  Coaft  this  laft  Day,  the  Log  is  hove,  and  the  Bearings  and 
Diftances  of  Lands,  Rocks,  Sands,  &c.  as  you  approach  them  muft  always  be 
fct  down,  and  are  of  the  greateft  Confequence,  efpecially  in  bad  Weather,  or 
wlien  you  are  in  Danger  of  being  drove  out  of  your  true  Courfe,  in  the  Nighty 
or  in  a  Fog ;  fo  that  you  may  at  any  Time  determine,  by  your  Reckonings'  or^e 
Chart,  the  Ship's  Place,  and  fail  Courfes  and  Diftances  as  Circumftanccs  rp-^ 
quire,  in  order  to  pafs  Places  of  Danger,  and  to  have  it  always  in  yous. Power 
to  take  your  Departure  from  fome  known  Place,  in  Cafe  you  ihould  be  drove 
out  to  Sea  in  the  Night  or  in  foggy  Weather,  when  no  Land  can  be  feen.  For 
it  fometimes  happens,  that  in  working  to  Windward  in  the  Englifti  Channel,  S. 
of  Dunnofe,  Ships,  by  making  too  long  a  Board,  have  got  upon  a  Sand  called 
the  Ower,  which  lies  from  Dunnofe  E.  JN.  25  Miles.  It  is  therefore  abfo- 
lutely  neceifary  to  have  good  Draughts  of  the  Covfts  you  f^il  upon^  unleft  y«it 
i^re  well  acquainted  witli  them  in4ced. 


A  a  9k 


IM 


A   JOURNAL    OF   A   VOYAGE 


H- 

K. 

F. 

Courfts. 

Wtndi, 

R  KM AKKf  00  Boird^  Saoday,  Miy  i  ich,  t?^** 
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S 
5 

S-WbyW.JW 

F?.E, 

Th^Te  14  Hourt  loodcrate  Galei,  and  fair  Wei^ 
tbcr* 

At  6  P.  M.  tbey»*rd  bate  N.  byE.  JE.  Dif- 

tuice  6  Lpcagtici,  from  wbich  I  take  my  De- 
pari  it  bciog  In  the  Lat-.  of  49'i  57'  N,  aad 
I-^^ff-  S°  'V  Wdl  of  London  p 
Ufibcfir  tbe  Cabks  ajid  ftowed  the  Anebor* 
Several  S^  m  Sight,  Jljndlng  ta  We^lwaid* 

V*mtion  1  i  Point  Wcftcrly* 

tlourfc.  Dirt* 

k 

1  Lit.  by 

Ut,  by  Ohfi  M<?T.Dill-   Dkff.  Ltm- 

Bearmg  tadj 
Mnp*  in*           Dift.        f 

iifijo    107 

96  4^f4S^2]  NJ 

o-t  4S' 

1                      ^E.  54M.J 

The  Lizard  bearing  N.  by  E«  J  E.  Dift.  6  Leagues  from  the  Ship  is  the  fame  as  if'^the  Ship 
Ind  fdled  from  the  Lizard  6  Leagues  or  iS  Miles  upon  the  oppofite,  or  S.  by  W.  \  W.  Point 
of  the  ComDafs,  and  alioxving  for  the  Variationt  as  before  taught,  makes  it  S.  half  E.  Dift«. 
xS  M*  which  ii  to  be  fet  down  as  the  iirft-Courfe  and  Diftance  in  the  following  Trarerfe  Tahle^ 

The  firft  Courfe  fleered  by  Compafs  is  S.  W.  by  W.  |  W.  which,  alk>wing  for  the  Variadvn, 
maket  S.  W.  by  S.  half  W.  and  the  Sum  of  all  the  Diftances  iaiied  on  that  Coorfe  till  twat 
tf  Clock,  when  it  alters,  is  \%  Miles  and  an  half,  which  being  doubled,  becaufe  the  Log  ia^ 
heaved  every  two  Hours,  gives  37  Miles ;  fo  the  fecon4  Courie  and  Dift.  to  be  fet  down  in  the 
Traverle  Table  is  S«  W«  by  S.  half  W.  37  Miles,  ^n  like  Manner  the  fecond  Courfe  fteere< 
St  S.  W.  }  W.  and  the  Varlatbn  allowed  makes  it  S«  &  W.  half  W.  and  the  Pift.  on  that 
Courie  fummed  up  and  doubled^  gives  56  Miles ;  thVefore  the  third  Courfe  and  Difl.  to  be 
iet  down  in  the  TraverCc  Table  it  S..  S.  W.  half  W.  56  Miles.  Having  found  the  whole 
0ifferenct  of  Latitude  and  Departure  made  upon  die  feveral  Courfet,  I  then  mark  down  upon 
ny  Slate  or  Paper  vrhat  every  Thing  that  is  to  be  found  comes  to,  and  afUrwards  fet  tlkeii^ 
^i#n  Tn  thflt  prof^r  Columns  ai  above ■ 

N(^  to  DifF  of  Lat.  95.9  S.  and  Dep.  4S.  t 
W.  the  Courfe  is  S.  26*  30'  W.  Dift.  107  Mikt  \ 
then  Lat.  failed  from,  or  Lisard*a  Lat.  49<>  57'  N* 
Dift.  ofLat. 


Tk  AVKJtiz  Tabu. 

Cofirf'^- 

Dift. 

M. 

s. 

E. 

w. 

S.4E. 
S.W*byS>|W, 
S,  S,  W.  1  w. 

33 

17-9 

i.% 

+s., 

t 

9S 

49 

40 


36  & 
ai  K«« 

iS 

09     1 
5» 


La^  in,  or  Ship^s  Lat.        — 
Sum  id  Lats.  ■     ■    . 

MiddkLat.  .— 

Ccm.  of«MiddIe  Iv^t.  ■ 

Then  with  this  Com.  of  |lid.  Lat.  40^  5%', 
4.1'  found  as  a  Cot\ric  among  the  Degrees^ 
and  the  Dep.  48 .  i  in  its  Column*  in  t)ie  Difl^ 
CtiL  ftwds  74,  which  is  the  Diff.  of  Long. 
Ott  with  the  Courie  26  30  an^  MeridjonJ  DiiT.  of  Lat.  147,  the  Diff.  of  Long,  is  (bund 
tn  be  ntarty  74  by  Mercator'^  Sailing, 


I<oQgitttdc  fiukd  fromy  or  Lizard^s  Longitude 
Difference  of  Longitude  74  Miks 
l^QOgitude  i&9  or  Ship*t  Longitude 


jitude        5*  14'W.7 

1     14  W.  I 

— —        6    aSW.3 


This  being  the  firfl  Day  fhic* 
leaving  the  Land,  thr  De- 
parture is  the  Mer.  Ditt* 


Lctitodein 
tnhant^tLat* 

Dliu«i|ceoftae» 


To  find  the  Bearings  and  DIflance  of  Ufhant* 
4t»  ii'N.     Mer.  Parts  3313     Longitude  in 

48     3:>N.     Mer.  Pacu  3337     Uihant  Long« 


Mer.  Patu 
Mer.  Diflf.  of  Lat. 


.14    Diff.  Longitude        1 


Wlih  die  Mer.  Diff.  \a\.  and  Diff.  Long*  Ufhmt  ?s  found  to  b*ir  N.  Ko*  26'E.  and  with 
*at  ]Uariag»  t^kea  at  a  Courfe,  and  the  nrgper  Difference  of  Ivititsd-,  th«  DiftiD<;?  i*  U\vi\ 
^Milit. 


FROM    LONDON    TO    MADEIRA. 
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F, 

Courfcs. 

Winda. 

way. 

Rf  MAitica  on  Ecmd,  Monday,  Mjy  tzth»  T791*. 

5 

6 
4 
4 

S 
6 

5 

SWbyWjW 
S^WbySjW 

Thcfc  14   Hours  modcmre   Gibs  juid   l-laudy 
,     Wtithtr. 

Ac  4  P.  M-  Spoke  the  CKaTmrng  Nancy,  ffosi 
CfroUna,  bouM  toLoiidcrit* 

At  6  A*  M-  got  the  Bowrr  Aochon  on  the  Gon- 
ccU,  aad  iinbcnt  the  dhki  :uid  tbw^  tbcm* 

Variation  1 1  Point  Wei!erly% 

Cnurfp-  [ 

Dm.| 

il.  by 

>.  R. 

Lat*  byl     Mer> 
Ohr    Inni-iiicr. 

Diff. 
Lnnciirurfp 

T^ntr,  In, 

R'^annps  and  Pi  Si. 

5.^(5^  W, 

jd8 

95  1   S3  1 

°  41'W. 

10  19'W.  7'4/W, 

The  Variation  heinjr  allowed  on  each  Courfe,  and  the  Diftances  fummed  up,  as  before  taught* 


|he  Tra?erfe  Table  will  ftand  thm  i 

Witl)  thfi  Di6rereoce  of  Latitude  ^nd  Departure 
the  Courfe  it  fouad  2>.  30^  o'W.  and  the  Diftance 
10%  MUes. 

Ditf.  of  Latitude        1033'S.  Mer.  Parts. 

latitude  left  .  43  ai  N»  .3123 


Lat.  in 
SnmXatt 
Middle  Lat. 


46  48  N. 


3185 


95  09  Mer.  Dlff.  Lat.     138 


47  34 
90  00 


^lHAVtltiE     i'^Bt-X.                            1 

Uobrle^. 

DtiU 

^. 

S>. 

L^ 

W» 

S.  W-byS.|W. 
S.  S*  W,  4  W. 

S.  byW.fW. 

43 

17 

34*4 

IS. 4 

7. a 

93*4 

Dfip, 

S3*5 

Com.  Mid.  Ltt«     42  26 


The  DifF.  of  Long,  is  found  by  Mercatoc*!,  <_. 
Middle  Latitude  Sailing  to  be  i9  t^*W^ 

Yefterday*t  Longitude  6     If  Wi. 


Longitude  in 


7    47W. 


•  This  Day^s  Departure  being  added  to  tlxe  Men  Diftance  Yefterdayy  gtvet  i^  41'  tbe  K^. 
piUaQpe  to  Dayt 


To  find  the  tarings  and  DiiUnce  of  Cape  OrtegaU 


JLadtude  in 
Cape*8  Latitude 

Piff.  Lat« 

46'  48'N. 
43    46  N. 

Mer.  Parts 
Mer  Parts 

'Mer,Piff..Lat. 

3185       Longitude.  Jn 
S926       Cape's  Lopgltude 

159      Qiff*.  Longitude 

la  Mile« 

182 

7»  47nr. 
7  36  w^- 


II 


With  the  Meridional  Difference  of  Latitude  and  DifTerence  of  Loo^tude,  the  dire^  Courfe  tf 
C^pe  Ortegal  is  S,  20  %6'  £,  and  with  that  Cot^ie  and  the  proper  Difference  of  Ldtitude^  the 
i|iftaiice  is  483  Miit^s. 

Note.  As  the  Table  of  Diflfbrenie  of  Latitude  and  Departure  are  only  calculated  ^  fingle 
Decrees,  the  neareft  Degree  to  the  Com.  of  Middle  Latitude  is  to  be  taken  in  working  by  Inijpec* 
tion  to  find  the  Difference  of  iion^itude  by>  which  is  near  enough  for  all  conunon  Purpofes  at 
Sea  s  thus  the  Comp«  of  Mid.  Latitude  is  420  26%  for  which  I  take  420  to  find  the  Difference  of 
Longitude*  The  fame  may  be  obferved  in  finding  the  Courfe  made  good,  the  neireft  Dtwm  qv 
I  P^^ee  to  the  Courfe  li  i&w4^y*  fet  dQWAi  and  wi]!  be  fb^nd  fufficiently  zi^^t* 


i9<^ 


A    JOURNAL    OF   A    VOTAGE 
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IX 


Courfes. 

Winds, 

o 

S.  W, 

W,  N,W, 

S.  W.  by  S. 

W,  byN. 

i 

s,  s,  w. 

Weft 

1 

Remaiks  oa  Board,  Tuefdayj  May  13th,  1791, 


Thd'e  04  Hoursi  moderate  Galei  aod  deaf  Wea- 
ther* 
Ac  6  P.  M.  faw  a  Ship  to  the  We^atd* 

Obfcrvcd  the  Sunn's  Mer-  Alt,  3t  NcxjEi  61  40 

Zenith  Dlftantc  ■  sSicjS* 

Dediuatlon  ^  «^         17  03  N* 


Latitude  "  -  •  ' 

Venation  t  1  Point  Weftefly, 


4S  ^3  N. 


Diff. 
Cottrfe*  rDilt.fLat. 


Lit*  by  Lat*  by    Mtr.  ^     Dlif. 
Dfp,    D.  R*      Ubf,       DilK     Lon*.    Lon^.  in.     BeannR^s  and  Dtfl^ancf;. 


ss^v-wl^ 


96 


14  j  45't2j  45.^3 


53 


S*OT 


Diftant        99  Milfs." 


By  allowing  for  Variation  and  Leeway  the  Work  will  be  as  follows : 
WiA  the  Diff.  of  J*at,  and  Dep.  the  Courfe  is     ~~ 
fevnd  S.  8p  30/ W.  and  the  Diftauce  97  Miles. 


EffLLat^ 
titudeleft 


10  36'S. 
46    48  N. 


]Ut.  in  by  p.  &. 

45 

12 

$a]»L9U 
>fiddle  Lac« 

Comp^  Mid*  Lat 

92. 

46 
90 

44 

00 

00 
00 

oa 

Mer.  Parts. 
3185 
3047 

Mer,  DUF.  Lat.  138 


That  FUSE   Tabj^x.                    ( 

Courfes. 

Dlil 

N. 

S. 

£• 

W. 

s,  s.  w;^w. 

S.  by  W. 

^4 
36 

40 

35*3 
39. S 

3'S 

it«3 

7,0 

Die;  L^t, 

96.3 

3-9 
Dtp. 

i8.3 

3*9 

14,4 

Longitude  Ifcft 
Diif.  Long, 


47'W. 
21  W. 


Longitude  in  by  Account     S    0% 
Here  the  Latitude  by  Ohfervation  differing  from  the  Latitude  by  Account,  I  correi%  for  the 
true  liongitude  j  and  as  this  is  the  firft  Obfervatlon  got  fijice  leaving  the  Land,  I  correal  by  Cafa 
|.  as  follows :  ^^■.' 

""      "■  Wfhth( 


|«izard*s  Lat. 
|iat^  by  D.  R. 


490  57'N.     Mer.  Parts  3470 
45    jz  N.    Mej.  Parts  3047 


Mer.  Viff.  Lat.  by  Account 

fijard*s  Longitude 
lADg.  in  by  Account 


423 


5«  14'W. 
8     gW. 


fAff,  of  Long,  by  Account    2   54 
60 


|<ieard*8  Lat. 
4Di>r.  Lat. 


174 


490  57^N.    Mer.  Parts  3470 
45    23  N,    Mer,  Parts  3063 


Mer*  Dar.  Lat.  ky  Obfervatlon 


407 


the  Mer.  Diff.  of  Lat.  and  Diff.  Long,  by 
Account,  the  Ship's  dlredi  Courfe  from  the  Lis- 
ard  is  found  to  be  S.2ao  22'W.  or  S.S.  W. 

With  that  Courfe,  and  the  Mer.  Diff.  of 
Lat.  by  Obfervation,  the  Diff.  of  Long.  6n^ 
leaving  the  Lizard  is  found  idy  Miles,  equal 
to  a»  47,'W.' 

Lizard's  Longitude  5     i^  W« 


Longitude  in 


S    ox 


With  the  Courfe  22®  2a'  or  2  Points,  thewD* 
per  Diff.  of  Lat.  274  Miles,  ^  U^e  Mer.  Dift, 

is  found  113  MUc^ 

%5 


To  find  the  direft  Courfe  and  pill^nce  to  Cape  Ortegal. 

45*  23'N.      Mer.  Parts  J063      Long,  in  8*  oi'W^ 

43    46  N.      Mer.  Parts  2926      Cape's  Lon^tude    7    36  W« 


|.at.  m 
Cj^'8  Lat» 

PiCLat.  I     37  Mer.  Diff.  137       Diff.  Longitude  25 

With  the  Men  Diff.  of  Lat.  and  Diff.  of  Long,  the  direft  Courfe  to  Cape  Ortegal  is  found  S, 
fyJt^MAd  w'"^  *'^'^  Cour|e  and  U^  proper  Diff.  of  Xrat.  97>  ih&  Piftance  is  found  to  |)e  99  MUci^ 


FROM    LONDON    T.O    MADEIRA. 


t^l 


H, 


* 

4 
6 

8 

+  1 
6 

'  a 

no 


5 
5  t 
5 

5 


Caurfea. 


S*byW.iW 


S-  by  Wi 


r 


Winds. 


Weft 


W 


Way 


Remarks  on  Beard,  WedncfdayiJ^^y  i4\.th,  1791 »; 


Tbefe  74  Bonn  modoktc  G*I«  and  dear  We»- 

At  8  P.  M,  fct  up  tlic  MJzcn  Tof -Mift  Shwiu^l 
uid#a^-Stiyf, 


Vartat'oti  i  j  Point  yeftfr^y,  f  er  AmpTitudf^ 


EatT  bylLatp  by  |  I  Hifi"-  of 


Dim 
Lac. 


Dep, 


BcBrmgg  and  Di  franc?  ^ 


ijpt. 


76 


75S,fi»B 


.oS 


.liiL 


T7E. 


7^44'W. 


Dif^adt     15  MIks. 


With  the  Differenced  I.atitode  and  Departure  the 
Coor^  is  found  S.  90  £•  and'the  Diltaace  76  Miles. 


^^y  ^t. 
,  Yefterday's  Lat, 

liuitlide  u 

SiimLat. 

J^ddle  Ladtade 

Cknnp.  Mid.  Latw 


.  10 

45 

15'S. 

13  N. 

♦4 

oSN. 

^9; 

31 

Mer.  Parts. 
3063 
»957 


TflAvMftsr  TAEf.r.            '^1 

CuurlcEi, 

Dift. 

w. 

s>. 

t. 

w. 

S.  IE. 

4fi 

4S'S 

4*5 

bift".  Lar,  7^.9 

Dcp, 

44  4S 
.90    00 

45  15 


Yefterday's  Longitude 
Viff.  Longitude    -• 

Longitude  in 


o     17  1^ 
7-44W* 


This  Day's  Departure  bcinfe  fubtra£led  from  the  Meridional  Diftancc  of  Ycftcrday,  gives  i^  44' 
IJW  Meridional  Diftance:  of  Tp-day. 

'  To  find  the  Bearings  and  DiHance  of  Cape  OrtegaI« 


Latitude  m 
Cape*s  Lat. 

44*  08/N. 
43    46  N. 

Mer,  Parts 
Mer.  Parts 

a957 
&9ZP 

Longitude  In             7^  ^^^' 
Cape*s  Longitude     7     30  ^ 

PiiF.  Lat. 

*> 
%% 

Mer.  Diff.  Lat. 

31 

Dlff.  Longitude   '      '     8*  ' 

With-the  Mer.  Difference  of  Latitude  and  Difference  of  Longitude  Cape  Ortegal  is  found  lo 
^ar  S.  14^  iS'E.  and  with  that  Bearing  taken  as  a  Courfe,  and  the  proper  Di^rence  of  Lati* 
tudcj  the  Diltance  is  found  23  Miles. 

JNoTz.  When  the  Tenths  on  any  Side  are  more  than  5,  or  half  a  Mile,  yoy  muft  caH  tbar 
Side  one  more  than  you  found  it  to  be ;  but  when  they  are  lefs  than  5,  tl\en  you  need  take  09»  • 
Kotice  of  them  ;  as  in  the  above  the  Difference  oi  Latitude  and  Departure  are  74.9  and  iX.Sf  . 
which  I  call  75  and  12,  becaufe  the  Tenths  are  above  5* 

But  when  you  take  the  Difference  of  Latitude  and  Departure  to  find  the  Courfe  by,  then  tA» 
them  in  Mihs  and  Tenths  \  the  fame  may  be  obferved  in  calling  up  the  ICnots  and  Fathoms. 

If»  when  doubled,  the  Tenths  are  more  than  5,  fetone  Mile  more  in  the  Traverfe  Table  |v 
kilt  if  leTq,  omit  them^  as  there  ate  no  Tenths  hx  the  DIftance  Coluian* 


»9» 


A  JOURHAt  Ot   A   VoYAGfi 


4 
6 
8 

t 

Z 

'  lO 

11 

3 
3 

Drift 
Drift 

5 

5 

S 
5 
5 
o,  up 

CduHm. 

Winda. 

Lee-^ 

Ak  hf  A  «.KI  m  Boirtl,  Thyrfday,  May  1 5^ 
1791. 

Weft                 S.  S.W. 

vllk  per  Hmir  W, 

^ile  per  Hour. 

S,  W,      N.W.byW.  |W. 

3  1 
S 
5 
{ 

Thefe  14  Hoiir^  h^c!  Gilci  and  fqu^My, 
with  fmaXl  Rain — Handed  the  F*ft 
aiidMain  Comrfei. 

At  S  P.  M.  faw  a  Ship  to  Wladward 
with  Jury  Maltft  up. 

Set  the  Courfefi  cbfe  itcfed^mwt  mo- 
derite^ 

Set  the  Top-faiU  cbfc  teefed. 

Varistion  t  |  Point  Weftirrly. 

C^rfe. 

Dift, 

Old; 

Lilt,  by 
D^p.    D.  R. 

Lat*  by 
Obf. 

i  Mer. 
Dirt, 

Long.  fLnrier^  m. 

B«irmg«  dnd  Difttnce. 

SSiojiW 

*5  ' 

4 

IS  '44^04' 

%.6 

36       S.ioW. 

Taking  the  Middle  Points  (vi£.  N.  by  W.  and  N.  N.  W.)  between  the  Point  to  wfakhllw 
sup  comes  up  to,  and  the  Point  (he  fell  off  to  for  the  fecond  and  third  Courfesy  as  taught  ia  tfai 
X.iik8  for  lying  too»  and  then  allowing  as  before  for  Variation  and  Leeway,  the  TnmA 
Table  wiil  ftand  as  follows : 

With  the  Diff.  of  Lat.  and  Dep.  the  Courfe  h 
Ibimd  S.  Sx^  »i'W.  and  the  Diftance  25  Miles. 


Diff.  of  Lat. 
T«ft£fday*8  Lat* 

SomLat. 

Jlliddle  Latitude 


Comp.  Mid.  Lat. 


44 

08  N. 

44 

04N, 

88 

12  M 

44 

90 

06 
00 

45 

54 

Mer.  Parts. 
•957 

»95i 


Tkav£es£  Taile.                     I 

Courfel, 

DiA. 

N. 

s* 

E. 

W. 

W.  N,  W.  i  W. 

N.  N.  E,  1  E, 

N*  by  E,  1  E. 

S.  S,  W.  ^  w. 

9 
9 

DiflT, 

7.1 

7-7 

Lat, 

13.3 

3.i 

^-6 

7.6 
Dep, 

19.^ 

ix.S 

3..6 

7.6" 

15,0 

The  Departure  To-day  being  added  to  the  Mer.  Dift.  Yeilerday,  gives  2*  6%  the  Mer.  DiC 
To-day* 

With  the  Cturfe  and  Mer.  Diff.  of  Lat.  the  Diff.  of  Long,  is  found  by  Mercatpr  to  be  39  Milet« 
Or»  with  the  Mid.  Lat.  and  Dep.  the  Diff.  of  Long,  is  found  by  Mid.  Lat.  Sailing    36  Milea  W. 

Yefterday's  Longitude        7®  44'W 

Longitude  in        mmm,         %    xo  W.   • 


Here  tlie  Diff.  of  Long,  found  by  Mid.  Lat.  differs  confiderably  from  that  found  by  MercatoHk 
Sailiogt  but  if  the  Mer.  Parts  were  taken  from  a  Table  of  Miles  and  Tenths  it  would  agree  iieari» 
n^th  Mfd.  Lat.  Sailing ;  but  in  all  Cafes  where  the  Courfe  is  fo  great,  and  the  Difference  of  La« 
titude-H  in  Miles  and  Tenths,  Middle  Latitude  fiiould  be  depended  on* 


To  fin4  the  Bearings  and  Diftance  of  Cape  Finiftcrre. 
44»  04'N.     Mer.  Parts  *95i     Longitude  ia 

42     52  N.     Mer.  Parts  2852    Cape's  Long. 


Latitude  In 
Ci^*s  Latitude 

DUF.  Latitude  72  1=  x     12         Mer.  Diff.  of  Lat.  99    Dlff.  Long. 


8»  lo'W. 
9    14  W. 

54 


With  the  Mer.  Diff.  of  Lat.  and  Diff.  of  Long.  Cape  Finiftcrre  is  found  to  bear  S.  28*  37*^. 
and  vUh  tbfiX  Bearing  and  the  proper  Diff.  of  Lat.  the  Diftance  is  found  8a  Miles. 


FROM    LONDON    TO   MADEIRA. 


»W 


H, 

K, 

F. 

Courfcs. 

wind.. 

way. 

R t M A njc  s  <>n Board,  Friday,  M ay  1 6th « 17$ i , 

1 

t 

S 
to 

t 
11 

5 

w.  s.  w. 

Calm. 

South* 

I 

The  firA  «i|bt  Ho urv  calm  and  fagg^. 
Frtfli  Calci  and  dear. 

A  Ciirrrnt  fettliiE  N.  W-  byN.   1  MJIe  pti 

Hour  ail  Day. 
VWiitiofl  I  J  Pwit  Wefterly- 

C!oorfe* 

nifl. 

XXb^ 

Lat.T>jlLa[.  by  Mcx 

S7?^5r^ 

»+ 

"S 

8a 

43-45  143*34 

3.19 

1.5; 

10,2  ! 

Dilhuit  C4.M]Le«>                1 

The  Variatbfi  and  Lcc-way  being  allowed  on  the  Courfc  i^ecred,  and  tlie  fettiag  of  the  Currtr^^ 
And  Its  Dti^  m  «4  Hours  being  n-.ade  a  Courfc  and  Dj fiance,  the  Work  wiJl  be  as  foUowj  t 

With  Che  DiC  of  Lat.  and  Deju  the  Cfjurfff  is 
feond  S.  79^  57'^*  *"<*  the  Diftence  84  Miles. 
Diff.  Lat.  00^  is'S  Mer.  Parts. 

Lat^left  44      4^*  >95i 


JUlt.hi 


43    49  N. 


2931 


SmnofLats.      S7     53    Mer.  Ditf".  of  Lat.     ao 


Midgut. 


43 
SO 


56 

«50 


Gam.  Mid.  Lat.  46    04 

The  Diff.  of  Long,  found  by  Mercator*^  Sailing  is  113  MileS; 

115  Miles,  e^ual  to  —  — —  — 

|«oagi  aide  left  — •  —  — — 


T*  AVE  USE   TAiLI:,                            1 

Courfrs. 

Dil,j 

N. 

S- 

E. 

w* 

N.  W,  1  W. 

S.W.byWJW* 

»4 
7* 

30.  S 

65.1 

D!lf, 

Lat. 

30*8 
14.7 

Dep. 

U.^ 

but  bj  Mid.  Lit.  it  it  /ound 
8     19  W. 


Longitude  in  by  Account  — -  -*—  —        to    14  W. 

The  DifF.  of  Long,  found  by  Mid.  Lat.  ftill  dilFers  from  that  found  by  Mercator*s  Saifing)  tfie 
Caufe  is  the  fame  as  before,  and  as  the  Ship  has  made  Ib^reat  a  Courfe  we  will  ftill  depeod  *n 
Mid.  Lat. 

The  Lat.  by  Obferyatlon  differing  from  the  Lat.  by  Account,  I  correct  for  the  true  Longitude 
as  foUov^^f  it  being  three  Days  itnee  I  had  an  Obffervation  before. 
Mer.  Parts. 


Laft  Obf.  Lat.         45*  23'K. 
Ship*s  Lat.  by  Ace.  43  49  N. 

Mer.'DIflr.  Lat.  by  Account 

Ship's  Long,  at  laft  Obf. 

Ship's  Long«  by  Account  To-day 

Diff.  Long,  fince  laft  Obf. 

Laft  Obf.  Lat.  45^  23'N« 
Slup*«  Lat.  by  Obf.  43^^  34^^ 


3063 
2931 


Mnth  the  Mer.  Diff.  df  tat.  by  Account  tf% 
and  Diff.  of  Long,  by  Account  1339  the  direft 
>  Courfe  fince  laft  Obf.  is  found  S.  45"^  rfW.  or 
45,  and  the  Dift.  187  Miles*— »With  that  Dift. 
and  the  Mer.  Diff.  of  Lit.  by  Obf.  153,  the 
Drff.  of  Long,  is  ftmnd  xo8,  this  added  to  the 
D.ff.  of  Long.  byActiount  x)t9^iTei24i,  ^hich 
divided  by  2  gives  the  tme  Diff.  of  Loog.  ftnce 
laft  Obf.  12 1  M.  nearly  equal  to  a*  •'W. 

Long,  in  at  laft  OI»r.  «»         8s   IW* 


Long.  In 


10    2W* 


Mer.  IKff.  Lat.  by  ObL  ^53 

The  Courfe  found  ftnoB  iaft  Obfenration  45^  1 3'  is  of  4io  ferther  Ufe  thn  to  Imow  wlot  CaSk 
te  «onred  by. 

With  the  true  Courfe  fince  left  Obf.  38^  20'  and  the  prober  Diff.  of  Ltt.  to^y  the  00^  i\ 
!•  *6'  sz  1^  53'  +  3*  »9'* 

To  And  the  Bearings  and  Diftance  of  Cli{*fc  Tinifterre^ 
IdMkndeIn  43^  34'^*    Mer.  Parts  2Qto    LongUiide<iii  le^  oi'W. 

Cape's  Lat.  42    52  N.    Mer.  Paru  28 5»    Cape'sLoag.  9    H^* 

Diff.  of  Lat.  42         Men  Diff.  of  Lit.         5%  D\ff.\Kffv^\^^kU  •?» 

With  the  Mer.  D)ff.  0fL»t0  and  Diff.  o{  Long,  the  iatt€t  Cg\it(t  xoC%JeftY\«c\^«r«>\%i^^'cd 
S,  jp9  srZ,  MDd  with  that  Courfe  Md  proper  D'.ff.  of  LiiU  ^\i\Bcww»\i  Iwxv^  f^i^^K^x, 


'94. 


A    JOURNALOF    A    VOYAGR 


Lee- 

RiMMttLa  on  Boifdt  Satundajr,  inay  17, 

H, 

K. 

F. 

Courfes. 

Wind*. 

way. 

179  Ji- 

% 

S 

w.  s.  w. 

Souths 

rhcfe  24  Hours  modcrace  G*les,  wth 

1 

S 

S 

rmilLShimifrsoflUuib 

s 

' 

i 

■ 

lO 

.. 

- 

71 

% 

5 

% 

5 

5,  W-  by  W. 

S.  by  E. 

'  8 

■4 

,\  grtat  Sw<U  from  the  9.  W*  for  which 

JO 

J  allow  6  Miiea- 

JS 

Vsriitinn  I  Point  Wtflcrly  per  Aiimuth 

Courfc.  1 

Ljtp  t] 

f  Lit*  byl  M^rr- 

U\t\\ 

LoTiE-  m,    llfarings  inct  Diftancer 

Dp[>, 

D.  E. 

Lone* 

B4      so 

4^.441                4-^* 

runciwU     *j.  %i^  W. 

ssnow 

67 

'           T-3S 

11,35      DilUnt           665  Miles 

^  In  this  Djy*s  Work  t^c  SweDTs  confide  red  a^  a  Ctirroi^  whrp|c  Dnrt  in  34  Hflur^  is  6  Mile^, 
tfie  Allowance  made  For  the  Swell  5  and  as  it  comes  ftom  the  S.  W,  it  heaves  the  Ship  towards  the 
N.  £.  and  the  Variation  allowed  upon  it  makes  the  laft  Courfe  N.  £.  by  K.  as  in  the  Traverfe: 
Table.  '  . 

With  the  Diff.  of  .Lat.  and  Dcp.  the  Courfe  is 
found  S.  53<»  35'W.  and  the  Diftance  ^4  Miles. 
Diff*  Lat,  00  50'S.  Mcr.  Parts 

Latitude  left  43     34N«  2910 


Lat.  la 
Sttsnof  Lat« 


42    44 


2S41 


86*   18    Mer.  Diff.  Lat.      69 


Middle  Lat.  43    09 

90      OQ*-' 


Com« 


Tn  AVERSE      r.VBLT, 


Courfel. 


S.  W.  by  W. 


Dift, 


K, 


S*o 


S. 


S.0I54.S 


Dlf!.  Lat-  4^'^ 


E. 


M 


3-3 


W* 


4S,x 


70*8 
3-3 


Dep.  67.5 


Mid.  Lat.     46     5 1 

— — —  The  Dep»  67  being  added  to  Ycfterday'^s  Mer. 

Dift.  gives  40  26'  the  Mer.  Dift.  this  Day, 
The  Difference  of  Longitude  is  found  as  before  to  be  i'  3l'W.  . 

Yefterday '8  Longitude  10       2  W. 


Longitude  in  this  Day 


35  W. 


Latitude  in 
FuQchal*s  Lat* 


4*' 


To  find  the  Bearings  and  DiHance  of  Funchal. 
44'N.     Mer.  Parts  1841     Longitude  in 

32  N.     Mer.  Parts  2066    Funchal*s  Long. 


II' 

17 


35'W- 
5W. 


Diff.  LaC    6j«  =  10     12 


Mer.  Diff.  Lat. 


775    Diff.  Long.  330  —       5     30 


With  the  Mer.  Diff.  of  Lat.  and  Diff.  Long*  VunchaJ  is  found  to  bear  S.  23^  4'W.  aud  with 
that  Bearing  taken  as  before,  and  the  proper  Diff.  of  Lat.  the  Diftance  is  665*Miks« 
^      To  find  the  Bearing  and  Diftance  of  the  intended  Port  on  Mercator*s  Chart. 

Lay  >  Ruler  acrofs  Mercator*8  Chart,  in  Vat.  42^  44',  «nd  fet  one  Foot  of  the  Compaffes  on 
the  Meridian  of  London,  and  the  other  in  Loiig.  11^  35'  W.  lay  off  that  fanne  Diftanpe  frpA  the> 
Meridian  of  London,  by  the  Edge  of  the  Ruler,  and  that  wiHihew  the  Ship's  Place.     Then  lay 
the  Ruler  over  the  Ship*s  Place  and  Funchal,  and  take  the  neareft  Diftance  between  'the  Ruler 
and  the  Centre  of  the  Compafs,  Aide  one  Foot  along  the  Side  of  the  Ruler,  and  the  other -Foot: 
will  Ihew  the  Courfe  to  bs  S.  S.  W.     Again,  (keeping  the  Ruler  as  before)  take  from  the  gra- 
dual  Parallel  the  Diff.  of  Lat.  between  the  Ship  and  Port  (10^  12')  in  your  Compaffel,  Vna  ilide^ 
one  Foot  along  the  Ruler,  holding  l>oth  Points  paraHel  to  the  N.  and  S*.  Lines,  till  the  other  cuts 
the  E.  and  W.  Lines,  paffing  through  tlie  Ship\s  Place  5   the  Diftance  between  where  the  Point  ■ 
reftedy  by  the  Edge  of  the  Ruler,  aod  Funchal,  being  mc^furcd  upon  the  graduated  Parallel,  gives 
nearly  11^,  or  660  Miles  for  the  Diftance.     In  like  Manner  find  the  Bearing  and  Diftance  r»f  any- 
other  Place  from  the  Ship ;  or  take  (ive  DiAance  between  Funchal  and  the  Ship  io  your  Compaffes» 
add  lay  it  on  the  Meridian,  nearly  in  the  Pamllek.of  the  Ship  and  Foachaly  and  that  will  bcthc 
Dift.  itt  D  agrees  or  ia  X<eagues>  if  the  Mcrid.  is  marked  fo»  •         ' 


FROM    LONDON    TO    MADEIRA. 
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;  K, 

F. 

Courfei* 

Wiuds, 

K£.MyVk4;3  OQ  Bujifdt  Sund^^^  May  jHth, 

2 

t 

g 
lO 

e 
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s 

;         5 

5 

S 
5 

5 

W*  by  N. 
W.  iN. 

1 

Thtie  3,4  HoiiTi  iVcfli  GiEci  4jjd  dear  Mff i- 
Variation  i  Point  IW^cdtrlyi                             1 

Courfc* 

Dli}. 

Dm: 

1 

Dcp. 

.jt.  by 
DR. 

Lit.  by 
ObC 

Mcr. 
DiftV 

Diff.  of 
Lfjng, 

Long*  in* 

Brnringi  irnJ  Diftahcc. 

Wfif*. 

1 20] 

lac  i 

^^"H 

42.30 

f.io 

2.43 

}4*I3 

Punch  J,  -S.  1 30W, 

The  Variation  being  allowed  on  both  the  Courlesy  and  the  Leeway  upon  the  Iccon^,  it  wiU  bo 
^ound^hat  the  Ship  has  failed  due  Weft  thcfe  hi(V  24  Hoursy  and  by  fuxnmlng  up  the  DiftangBft  hei 
"whole  Diftance  is  found  to  be  izo  Miles,  which  is  alfo  her  Departure  $  it  is  eviiient  ihe  haimad^ 
no  Di  Terence  of  Latitude,  therefore  her  Latitude  by 'Account  is  the  fame  is  Yetterdi)^. 
-  At  the  Ship  has  failed  upon  a  Parallel  with  the  Equator^  ker  DlfFerence  of  Longitude  is  found 
by  parallel  Sailing  2»  43'W, 

'  "  Ye fterday's  Longitude  11     35W. 


Longitude  in  by  Account  14    i  S  W« 

:    The  Latitude  by  Obfcrvation  not  agreeing  -witli  the  Latitu^  by  Account,  and  it  bcin^  tub 
i>ays  fince  my  laft  Obfervation>  I  corre^  as  follows  by  Cafe  II. 

|.aft  Obf  Lat.        450  34'        Men  Parts  2910        With  the  Mer.  DifT.  of  L^t.  4n4  Di^.  Lon« 
i.at.  in  by  Ace*     42    44         Mer.  Parts  2S41    by  Account,  the  Couife  fince  lad  Obti  is*  found 

to  be  S.  75  W.  and  the  Diftance  x66  M. 

Mer,  Diff.  Lat.  by  Account  fince  laft  Obf.      69 

l^ong.  in  at  laft  Obf. 
Ship*s  Long,  by  Account 


100  02' W. 
14     18  W, 


Diff.  Long,  by  Ace.  five  laijt  Obf.      4     1$  W. 


Laft  Obf.  Lat.  430  34'      Mer.  Parts  2910 

This  Day's  Lat.  by  Obf.  42'  30'  Mer.  Parts  2822    Longitude  in 


With  that  Dift.  and  the  Mer.  Diff.  of  Lat. 
by  Obfer.  the  true  Diff.  of  Long,  fince  laft 
Obfervation  is  found  to  be  250  zz  4^  io'W« 
Long,  in  at  laft  O^feryation  10      2  W. 


14    12  W« 


Mer.  Diff.  Lat.  by  Obf.  fince  laft  Obf. 


88 


With  the  Courfe  fince  laft  Obfcrvation  S.  70^  30'W.  and  the  proper  Diff.  of  Lat.  64  Miles, 
t^  Departure  (or  Mer.  Dift.)  fince  laft  Obfervation  js  found  181  MileSf  equal  to         30  oi'W. 

Mer.  Dift.  af  laft  Obf.  3     19  W. 

True  Mer.TSft.  Uus  Day     6    so  W. 

^  To  find  the  Bearings  and  Diftance  of  Funchal  in  Madeira. 


Latitude  in 
Funchal's'Lat 


.42'  30'N. 
3a  N. 


Mer.  Parts      ^       2822    Long'tude  in 
Mer.  Parts  2066     l^unchal's  Long^ 


3» 
Diff.  Lat.  598  ==      9     58         M^.  Diff.  Laj^         756    Diff.  l^ongitudc 


14*  12'W. 
2    S3  =:  17^ 


With  the  Mer.  Dlfferenof  of  Latitude  and  Difference  of  Longitude  the  Bearing  of  Funchal  is 
found  to  b6  S.  12*  53'  or  1^0  w.  and  with  that  Bearing  taken  as  before,  and  the  proper  Di&\  of 
^Latitude,'  the  Diftance  ii  found  612  Miles.  ' 

Bb  » 
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H. 

K. 

F* 
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R^xuAKKi  oa  B4iard,  Mcjidiy,  M^y  £9t}i, 
1791* 
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12 

s 
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s 

S.  s.  w 

N,  W.  by  W, 

Stiff  C^lesf  with  Showcn  of  Rain, 

% 
4 
€ 
S 
10 

5 
S 

S.JE. 

S,W.|yW,iW.I 

} 

VarU«ioii  »  Point  Weflcrly  per  AmpUtttde. 

Courfc . 

Oifl, 

Pep, 

D  ^;|  Obf/lDift- 

Oiff,  Un, 

Loitg*  m* 

Beiriiig^  and  D^Oajicc. 

South. 

170 

J70 

39.46 1 39.40 

S,*o 

14.  IZ 

Diflant      450  Mik«, 

ycllerday's  Lat, 


2    44  S. 


(*a^  m  by  Acco^i^r       39    46  N. 


TRAV1181  Tapie.                           1 

Coorfu. 

Dift. 

N. 

S. 

s. 

W* 

S.byW. 

nS 
54 

^^:i 

%%.l 

23*0 

Diff.Lafc      »64.s 

13.0 

»3«o 

O.I 

Dep. 

'  proper  Albwaaces  beb^  made  for  Variatioi;  and  Lee-ifay,  it  appears  from  the  Traveri^  Tabte 
that  the  Ship  ha3  i^iled  due  South  164I  Miles,  an^  as  fiie  made  no  Departure,  her  Longitude  ii| 
ami  Mer.  Pift.  is  the  fame  as  Yefterday ;  but  as  by  Obfervation  the  Ship  is  found  to  be  in  Lat^ 
39^  Ja'H.  it  is  plain  fhe  has  got  6  Miles  a^head  of  her  Reckoning,  which  6  Miles  being  added  to 
Ihe  D^IbMice  by  p?  R.  gives  Uie  true  Diftance  an4  Difference  of  Latitude  as  abovet 

Jo  find  the  Bearings  an4  Piftance  of  Funchal* 

LaJikude  In  39^  40V.      Mer.  farts  ^597      Long,  in  t^*  n'w,' 

Fuhchal*?  Lat.         30^    32  Nt      Mer.  P^rts  206^      Funchal*8  ^ng.      17       5  W, 


piC  tat.  42S 


Mer,  V'lff.  Lat, 


S3  J      Diff.  Long,  1732=  2     53 


Wiihthe  Mer.  Di<F  Lat.  531,  and  the  DifF.  of  Long,  in  Miles  173%  the  dired  Courie  to 
Funchal  isVouncl  S.  y8°  3,  or  ^8'  W.  and  with  that  Courfe  ani  t^e  proper  DiiF.  of  Lat,  42$^  th« 
Diftahce  h  found  to  be  450  Miles. 

Now  a  Parallel  of  Lat.  through  39^  40'  on  the  Variation  Chgrt,  cuts  the  Vari^^on  Linet  Uk 
M?  15*  in  Longitude  14'  o'W.  which  confirms  the  Longitude  by  Account. 

7he  Variation  Charts  might  be  of  great  Ufe  were  tliey  drawn  ffpon  a  large  Scale,  and  the  Lines 
pf  Variatiuns  yrcU  laid  down>  but  as  the  Variation  in  moft  Places  is  continually  altering,  it  rei>r 
fHprs.  thgm  in  a  few  Years  ufelefs ;  I  would  therefore  advife  the  Mariner  to  truft  more  to  ^iji 
|Lef k(^g  and  l^i^Hiur  P^fe^tipns,  fip^e  ^c  Theory  of  (hci  Yv^9>^  '^^  ^^  fee.  kAOwa? 
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the  MJico  Scay-faiL 
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Vjrfitjor 

i  Point  Wcfl-!tly  per  Azirtiyth- 

C&uritr     Dm 

DiffJ 

Ut.  by 

D.R. 

Lat.  b)f 
Obf. 

Dift. 

DIff. 
Long. 

Long,  ic. 

Bearings  and  Diftance, 

S.byW.iW.I  ifl 

i|  isj  <6 

3*iiat^ 

36,36 

7.1? 

T.TI 

.i..3 

Fimchal      a*  194  W. 
Dirtant  15S  Milfs. 

By  examining  the  I^g-Bovd  it  appcvi  that  the  Ship  has  fail^'d  S.  S.  W,  }  W.  aoo  Milcu 
-  -  J9»  40^*  — 


piff.  Utitode 


3     IX  S. 


Tratxbsk  Tablb.                       I 

Courfe. 

Dift. 

N. 

Su 

E. 

W. 

S.b)rW.^W. 

MO 

Diff.  Lat. 

X91.0 

Dq>. 

58*0 

lot.  in  by  Accoiiat  36    19  N. 


The  Latitude  by  Obfervatioii  not  afkeeiof  intfa  tbs  Latitwie  by  D.  R.  I  porred  as  foUowt  by 
Cafe  I. 

WUh  the  Gourib  oae  Point  m4  a  Half^  and  th«  Dtff.  «f  Ut.  by  Obf.  184,  the  Dift.  is  fou4 
to  be  192  Miles,  and  the  Dep.  56,  which,  being  added  ^  the  Mer.  Dift.  Yefterday  6^  li'Wt 
givea  tl»c  Mer,  Dift.  To-day  7*  jy'W, 

Ycfterday's  Latitude  39**  40'^         Mer.  Parta  4597 

Thia  Day*a  Oh(:  I<at.  36     3^  N.        Mer.  Parts  z^S^ 


76 

16 

38 

90 

8 

00 

51 

5* 

Sum  of  Latitudes        ^— i  76    i6t  Mer.  DIS  l^at. 

Middle  Latitude 

Cofflpf  Mid.  Lat. 

The  DiflT.  of  Long,  is  foi^nd  by  Mercator  or  Mid.  Lat. 
Yefterday*8  Long. 

Long,  in  tliis  Day 


a34 


1*  ii'wr. 

14  II W. 

15  13 


Latitqde  in 
f  unchains  Lat, 


To  find  the  Bearings  r.nd  Diftance  of  Funchal. 


360  36'N. 
^    3*N. 


Diif*  Ltt.  244  z:       4     4 


Mer*  Parts 
Mtr  Parts' 

Mer.  Diff.  I,at. 


2363      Longitude  in 
^o^      FiMichal'f  Long 


17  osw; 


%^y     Diff*  Um§,  103  x:  y    43 


With  tlie  Mer.  Diff.  of  Lat.  and  tht  Diff.  of  Long,  the  Bearings  of  Funchal  is  foyad^  and  wid^ 
tl^ft  gearing  and  t^e  proper  Di^.  of  Lat.  the  Diftance  is  fbond  258  Miles. 
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Obf.    I  Dift, 
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Long, 
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Bean"ng»  and  Dpftincci. 

S.  65*  W  J  II 

7    50  1  ro8^ 

rs-s^ 

15-4*1  9'05 

a. 13 

17*16 

Funchai       S.  7*  141', 
Ditlancc      1^6  Mtia. 

With  the  DifF.  of  Lat.  and  Dep.  the  Coorfe 
H  found  S.  68^  lo'W.  and  the  Dillance  1 18.6 
Bilks. 

Ydleiday's.itU  36     36rN. 

IX£  of  Lat.  44  S. 


iMmhxf  Ace* 

vcscraay  9  lilt* 
Otf.Ut. 


35     5»N. 


36^  36'N.  M.  Parts  2363 
35     46  N.  M.  Parts  2301 


Vm:  Lat.  hj  Obf. 

'Sam  Latt.  72    22 

Ifkk^e  Latitude 


50  M.  Di^.  Lat.    62 


Traverse  Table.. 

Courfes. 

Dift. 

N. 
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W. 

W.byS.JW. 

W.S.W.iW. 

S.W.byWiW. 

S.  w.  i  W. 

»7 
31 

19 
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10.4 

.18.4 

II. 3 

26.7 

29.2 

38.9 

.'S.3 

DifF.  Lat.  44. 1 

Dep.  iio.i 

36    II 

90    09 

Comp.  Mrd.  Lat.   53    49 


The  Latitude  by  Obfemtionnot  agreeing  with 
the  Latitude  by  Account,  I  corre^  as  foUows»  by 
CafellL 


With  the  proper  Diff.  of  Lat.  by  Obf.  50"*  and  the  Diftancc  x  j8.6  the  true  Courle  is  found 
65?  04%  and  the  Departure  108  Miles  nearly. 

The  Departure  108  being  added  to  the  Mer.  Did.  Yefterday,  gives  9*  5'W.  the  Mfer.  Dift« 
To-day. 

With  the  Conyp.  of  Mid.  Lat.  and  Dep.  or  with  the  Courfe  and  Mer.  Diff.  of  Lat.  62'  the  DiflT, 
•£Loog.  is  found  by  Mid.  Lat.  or  Meicacor*s  Sailing  to  be  133  Miles  zz  2^  I3'W. 

Yefterday's  Longitude         15     23' W, 

Longitude  in        — -•        17     36  W* 


To  find  the  Bearings  and  Diftan^e  of  Fyinchal  in  Madeira* 


Latitude  i« 
(unchains  Lat* 

PiflF.  Latitude 


35»  46-N^     Mer.  Parts 
32     32  N.     Mer.  Parts 


2310     Longitpde  In 
2066    Funchal's  Long* 


3     14         Mer.  Diff.  of  Lat,         244    Diff*  Long* 


17**  36'W. 
17    05  W* 

3» 


With  the  Mer.  Diff.  of  Lat.  244,  and  the  Diff.  of  Long.  31%  Funchal  is  found  to  bear  S*  7® 
S4'F.  and  with  that  Bearing  (taken  as  before)  and  the  proper  Diff.  of  Latitudey  the  Diftance  is 
iuund  196  Miles. 
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S,  15*-50'E.     M 
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7S   ,34*01      3t*5fi|7-47 

i,^j;        16. Gi 

Diftanc     9<j  MifM- 

With  die  DifE.  of  Lat.  and  Dep.  the  Courfe  Is 
found  S.  37^  48'E.  dtid  the  Diftance  133  Mi\e&. 
Ycftejday'sl-at.        .35?  46'N. 
Diff».  of  Latitude        «i     ^s'S. 


I4it^  by 'Account .      S4    01  N« 


Obf.  Lat. 
Yefterday's  Lat. 

Prop.  DifF.  Ut.  Obf.    I  50 

Sum  of  Lat.               69  42 

Middle  Liatitude        34  51 

9c  00 

Comp.  Mid.  Lat.     55  09 


33''  56'N.    M.  Parts  1167 
35     46  N.     M.  Parts  1301 


M.  Dlft.    134 


1  IIAVESSE     Tfl^iSt^.                                1 

UiJurlC^.       Aju^4 

N. 

^* 

E- 

W. 

S.  SpE.  jE* 

S*E.byS.|E. 

S.E,byS.|E. 

S.  £,  i  E. 

4S 
31 

21 

Diff. 

41.. 

54.9 
^4-4 

14*7; 

Lat. 105.35. 

Si. 7 

Dqi, 

Tlie  Latitud^by  Obf.  dificring  from  Ae 
Latitude  by  Account^  1  corred  at  foUows  br 
Cafe  iL 


With  the  DifF.  of  Lat.  110  and  the  Dift.  133,  the  Dep.  is  found  to  be  7^,  which  being  added 
to  the  former  Dep.  82  gives  1 57,  half  this  Sum  is  the  true  Dep.  78  Miles :  With  the  Diff.  oT 
Lati  no  and  the  Dep.  78,  the  true  Courfe  is  found  S.  350  lO'E.  and  the  Dirt.  135  Miles. 

Tlie  Dep.  78being  fubtrafted  from  the  Mer.  Dift.  Yefterday,  gives  70  47'W.  the  MenDiffi. 
this  Day.  •  •_ 

The  Diff.  of  Long,  is  found  by  Mercator^.  or  Middle  Latitude  Sailing,  to  be     i^  SS'H. 

Yefterday*s  Longitude       17     36  W, 


Longitude  in 


160  01 W. 


Latitude  in 
Fuifchil*s  Lat. 

Diff.  Lat. 


To  find  the  Bearings  and  DIAance  of  Funchal  in  Madeira. 


330   56'N. 
32     32  N. 

z    24 


Mer.  Parts  21  67        Longitude  in  l6*  oi'W. 

Mer.  Parts  20  66        Funchars  Long.       17    05  W. 


Mer.  Diff*  of  Lat.      101        Diff.  of  Long. 


04 


Widr^  Meridional  Difference  of  Latitude  and  Difference  of  Longitude,  the  dir^A  Courfe  to 
FunchiA  is  S.  320  00'  W.  and  with  that  Courfe  aod  the  proper  Differcacc  of  LatiQidei  the  Diftt. 
is  found  99  Milcii. 
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17- 5      FuochalN.  1  M»k. 

The  VsrittSoR  idlowcd  upon  the  fevenl  Couiiesy  and  alfo  upon  the  Bearing  of  die  Lend  tskoi 
a|  Ten  o^Clock,  beUig  put  into  a  Traverfe  Table,  and  the  Di(lanc«  run  upon  each  Coarfe,  with 
1^  Diftance  you  are  from  the  Laud,  will  give  the  Didance  and  Di#«rence  ^i  Latitude  and  De- 
^tttore  as  above ;  with  the  Complement  of  the  Middle  Latitude  and  Departure,  the  OMFetence  of 
jhongitttde  is  64  zr  S^  4',  which  added  to  16^  i'  the  Longitude  in  Yefterday  at  Noon,  gives 
^^  5^9  the  L(»Jgitude  in  by  Account;  and  as  it  agrees  with  the  Longitude  of  Funchal  in  die  Ta- 
litf  I  conclude  diat  my  Reckoning  is  jult,  and  Funchal  well  laid  doMm. 

'  Tht  Shlp*8  Place  in  the  preceding  Journal  is  pricked  cfr',  and  the  Beaniig  and  Diftance  at  Noon 
i#t  aUb  found  hgr  the  Chart,  ia  order  to  ihew  the'Young  Navigator  the  Method,  and  -aaay  be  doK 
^th  a  Black  Lead  Pencil,  which  he  may  either  let  Aaiid  or  rub  out  ¥fhen  he  pleafcs. 

It  is  much  eaiier  for  Ships  to  run  in  than  out  of  an  Harbour,  owing  to  the  Attradtioa  of  the 
Lands,  efpecially  when  high,  as  the  Canary  Iflands  are. 

Sir  Ifaac  Newton  has  difcovered  that  all  Bodies  attrad  each  other  in  proportion  to  tiw  Qnantit^ 
of  Matter  they  optain  \  and  thata  ^ody  containing  a  greater  Quantity  of  Matter  will  attraft  or 
draw  a  Body  containing  lefs  to  it ;  and  dut  this  Law  is  general  throughout  the  Univerfe,  and  that 
tbi«  Attradion  becomes  Repulfion,  when  Bodies  are  fo  far  afunder  as  to  be  out  of  the  Power  of 
Attradi#n ;  by  thefe  Laws  the  Heavenly  Bodies  keep  their  feveral  Stations  in  the  Univerfe* 

The  above  Laws  may  be  ealily  demonftrated  in  a  Bowl  of  Water,  throwing  into  it  feveral  Piece! 
of  Cork  of  dkferent  Sixes,  it  wiJl  then  be  found  that  the  larger  Pieces  will  attnUSt  the  le£i  to 
tiieni)  and  when  the  fmall*  Pieces  come  within  the  Attraflion  of  the  great  ones  they  witt  he 
drawn  to  them  with  Rapidity  \  or  ev^n  Boards  in  fmooth  Water  will  like\infe  be  diawn  to  tt» 
Ship  by  this  Power  of  Attraftion,  confcquently  Ships  muf^  be  drawn  toward  the  Land. 

I  have  onl)  mentioned  the  above  Hints  to  caution  the  Mariner  not  to  iq^proach  too  near  Hocks 
or  Shores,  though  they  are*  fleep  too  in  a  Calm,  for  Fear  of  the  above  Attradioo>  which  ii  o^lcn. 
sdHaken  for  Currents,  by  thofe  who  do  not  uaderftaad  the  Priuciples* 
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The  Britifh  Channel  290  Miles  from  the  S.  Foreland  to  the  Lizard  5 
tfi  fail  in  the  fair  Way  310. 

Note,  Ulhant  and  the  Lizard  bear  nearly  N.  and  S.  of  each  other,  Dift. 
28  ■  leagues,  which  is  85  Miles  =  i<^  29  ;  bnt  the  fair  Way  oi  the  Chan- 
ftcl  between,  jhefe  Places,  is  at  one  'J  bird  of  the  Width  of  the  Chaanel 
tfm  the  Kngliih  Coait,  which  is  in  the  Lat.  49**  35'iV.  If  you  fail  in 
the  Mid.  Channel  till  you  make  the  Start,  you  will  have  the  Tide  to  fct 
foil  towards  the  French  Coad^  for  ia  fuaie  Farts  it  fers  S«  £•  and 
fu  S.  B. 


<     203     ) 

The  Method  of  finding  the  Latitude  at  Sea,  by 
taking  two  Altitudes,  either  in  the  Forenoon  or  After- 
noon, having  the  intermediate  Time  meafured  by  a 
common  Watch,  with  Eafe  and  Accuracy,  independent 
of  the  Sun's  Meridian  Altitude. 

GENERAL    RULES. 

TO  the  Secant  of  the  Latitude  by  Accoujit,  add  the  Secant  of 
the  Sun's  Declination,   (rejecting  their  Indexes)  and  call  that 
Sum  the  Logarithm  Ratio.* 

From  the  Natural  Sine  of  the  greateft  Altitude,  fubtraft  the  Na- 
tural Sine  of  the  leaft  Altitude,  and  find  the  Logarithm  of  their  Dif* 
ference,  and  write  it  under  the  Logarithm  Ratio, 

Si^btrafl  ^e  Homjfs  and  Minutes  when  the  Altitudes  were  taken 
from  each  other,  and  Half  the  Difference  call  Half-elapfed  Time. 

With  Half  the  elapfed  Time  enter  the  Tables,  and  from  the 
Column  of  Half-elapfed  Time  take  out  the  Logarithm  anfwering 
(hereto,  and  fet  it  down  under  the  Logarithm  Ratio. 

Add  thefe  three  Logarithms  together,  and  with  their  Sum  enter 
the  Tables  in  the  Column  of  Middle  Time,  where,  having  found 
the  Logarithm  neareft  thereto,  take  out  the  Time  correfponding  to 
it,  and  put  it  down  under  Half  the  elapfed  Time, 

Subtraft  the  Lefs  from  the  Greater,  and  the  Difference  will  be  the 
Time  from  I^oon,  when  the  greateft  Altitude  was  taken.         .  .     . 

Widi  this  Time  enter  the  Tables,  and  from  the  Column  of 
Rifing,  take  out  the  Logarithm  correfponding  to  it  j  from  this  Lo- 

Eirithm  fubtraft  the  Logarithm  Ratio,  the  Kenaainderwilf  bie.the 
ogarithm  of  a  Natural  Number,  which,  being  found  in  the  cbm-^ 
mon  Table  of  Logarithms,  and  added  to  the  Natural  Sine  of  the 
greateft  Altitude,  ^yill  give  the  Natural  Sine  of  the  Sun's  Mecidiaa 
Altitude.  ■■ 

Having  the  Meridian  Altitude  of  the  Sun  ^  Noon,  the  Latitud(^ 
is  found  by  the  ufual  Method. 

N.  B.  If  the  Latitude,  found  by  the  abov^  Procef^  fliould  differ 
widely  from  the  Latitude  by  Account,  it  will  be  proper  to  repeat  the 
Operation ;  ufing  the  Latitude  laft  found  inijijea^  of  the  Latitude  by 
Account,  till  the  Refult  gives  a  Latitude  nearly  agreeing  with  the 
Latitude  ufed  in  the  Computation. 

•  The  Arithmetical  Com.  of  the  Co-fine  of  any  Angle  is  equal  to  the  f«oganthmic  Se* 
cant  of  that  Angle,  omitting  the  firft  Figure  in  the  l^dex }  thus  the  Secant  of  46^  50'  it 
10.164879  and  omitting  the  firft  Figure  i^  leaYeio«|64^7«  thc'Sccgnt  lef$  B^adius,  gt 
ifiz  Arkhmet.  Cofa.  of  Co-fine  46^  50', 

Cca  '1|XAMPL£ 


to4   .  NEW    METHOD    OF    FINDING 

EXAMPLE     L 

Being  at  Sea  in  Latitude  46^  5c/  North  by  Account,  when  the 
Sun's  Declination  was  11*  17' N.  at  10  H.  a  M.  in  the  Forenoon^ 
the  Sun's  Altitude  was  46^  53',  and  at  1 1  H.  27  M.  in  the  Forenoon^  ^ 
the  Secotid  Altitude  was  54^  9^     Required  the  true  Ladtude,  and 
true  Time  of  the  Day  when  the  greateft  Altitude  was  taken  ? 

Times. 

H.  M.  S.  Lat.  46*  50'.     Secant   '        1—  0.16487 

10    2    o  Dec.  II'  17      Secant  -—  0.00848 

Ela.  T.  I  25    o  Added  gives  the  Log.  Ratio  0.17335 

f  El.T.o  42  30  .      - 

The  Sun's  gr.  Alt.  at  11  H.  27  M.  is  54**  9'    Its  Nat.  Sine    81055 
The  Sun's  leaft  Alt.  at  16  H.  2  M.  is  46''  55'  Its  Nat.  Sine    73036 

The  Remainder  of  piff.  of  Nat.  Sines  8019 

Log.  Ratio  — —  —  ■■  — —  0*17335 

The  common  Log.  of  the»Diff.  N.  S.  8019  3*90412. 

In  the  Tables  in  Col.  |  £la.  Time  for  42  M.  30  S.  is         0.73429 

Their  Sum  of  the  Log.  in  Middle  Time           — —  4.81 1 76 

H.M.S. 

The  H.  M.  &c.  for  which  by  the  New  Tables  is  I  ^5  ^^ 

SubtraS  Half-clapfed  Time              — '—              -*—  42  30 

The  Diff.  is  the  true  Space  of  Time  the  Sun  had  to  -j .    ■   .     

,    rife  to  the  Meridian  when  the  greateft  Altitude  was  >  o    33  OO 
taken            ■                          — —                         J 
H.  M. 
Time  per  Watch  11  27 
Sub,  from              12    o 


o  33  Finding  they  agree,  the  Watch  is  right* 


Enter  the  Tables  with  33  M.  iinder  Col.  of  Rifing,  and  I  ^,  qq 

you  will  find  the  Log.  .             . 1  3-Oi4»8 

From  which  fubtraft  the  Log.  Ratio                ■  0.17335 

The  Natural  Number  of  which  is  694             — —  2.84153 

To  the  Natural  Sine  of  the  greateft  Alt.         .    ^—  81055 

Add  ihc  Natural  Nnmbei*  of  the  above  Log.                   ■  694 

The  Sum  is  the  Natural  Sine  of  the  Sun's  Meridian  1  q,«.^ 

Altitude.  CA^  Co'                ■                             f  ^'749 

The 


Altitude,  54''  50'  ■     ■  i—  j 


The  Natural  Sines  are  found  in  Table  XVII. 
Thfi  Hii/<l«pred  Time,  &c.  ia  Tabic  XYl. 


tHE  I,AT1TUI>E  AT  8B4i^  «br 

90°  o'  .    .    .'  ♦■ 

54  5?  ,  •     *■  •  ^ 


The  Sun's  Zen.  Dift^  4s  10  -Bf.ob&rvi<ig;di9  Sui^V  Merid.  Alt. 
The  Sun's  Decl.  11  17    -  the-fetne  Day,  the  Ltt.  ints  found 


Being  atfiea  in  Lat.  47*^ -tgW:  ty^  Atrcouht;  *whcnH6e?3t3fp's  Di». 
clination  was  12'  56W.-at  la  H:  24  M.  A.  M.  per  Watch,  thfe  Siift's, 
Alt.  was  49**  9',  at  i  H.  14  M..  ?SM.  his  Alf.  w^s  51''  ji^.  ,  R^^ 
quired  the  Latitude  ?      '    ^      ■      '     '  ^    f-   ''*   -^^•^' --  ^ '  ^ 

H.  M.  S.  '"-  ,       

12    00.  .    •        .  '^ 

10  24    o  '    •        - .  ^  '  - 

■      Alt-      Nat.  S.  Lat.  4f-^igr^'6;a68So. 

I  36    o    49''   9'    75642  Sun's  Dec^  12  ^ro-'bnDiboj 
I  14    P    51  59     78783  ■  ■      '■      . 

Loff.  Ratio,    ;    ■       *  1788J 


El.  T*     2  50    o  Diff.N.S.  3i4iIt9XrO|.  '  s-\   .349707 

I  El.  T.  I  25    o  Its  Log.  in  pol.  of  half  Elapf.  Time  &  0.44677 

Sub*        o  15    o  CoK  of  Mid.  Time  corrcfpondingto..^    4,11667 

Tr.  Ti.  1  10    o  Its  Log.  in  Col.  of  Riling  is  3.66542 

T.p.W.  I  14    o  Log,  Ratio  Sub.  >j^         ■  0.17883 

Wat.  fi^ft  o    40  ^066  the  Nat.  Num.  of  this  Log.  3.48659 

N.  S.  Sun's  gr. -Alt,  .70783      90  00 

N.  S.  S.  Mer.  Alt.        81849  =  54  56 

^    Sun's  Zen.  Dift.  35    4 

Sun's  Decl.      .    -rr.  12  16  North. 


Lat.  in  47  20  North. 

Here  the  Latitude  found  by  Computation  nia^  be  relied  xn,  as  it 
differs  but  one  Mile  from  tiiat  ufed  in  the  .Operation. 

EX    A    M    P    L    E      IIL 

Being  at  Sea  in  Lat.  50*  40'  North  per  Account,  when  the  Sun's 
Declination  was  20®  o'  South,  at  10  H.  17  M.  A.  M*  per  Watch, 
the  Sun's  Alt.  was  found  17*  13',  at  11  H.  17  M.  A.  M.  per 
Watch,  it  was  found  19°  41'.    Required  the  Latitude  i 


fo$           NJEW    METHOD    OF  TINDIKG 

Times.           Alt.        Nat.  S.  Lat.    50*  40    0,19803 

H.  M.  S.  Peel.  20   00    o,027dM 
10  17  o    I7'x3f=:  29509 


%j  17  Q    19  41  ^33682  Ijog.  Ratio        0,22504^^ 


ZhuT.    SCO    Diff.N«S.  4083        Its  Com.  Log,     3,61098 

i  £1.  T.  o  30  o    Its  Log.  from  Col.  half  Kbp.  Time  is    0,8843a 

>     I  o    In  QqI.  of  Mid.  Time  correfpotiding  to  4,7203^ 


Trr..Tim.o  ji  o  ftmi  Noon,  its  Log.  from  Col.  of  RiC  ^^96067 

^.  p.  W.  o  43  o  IfOg.  Ratio  Sub.           4?2S04r 

'      i-   -     *  ■     ^.    I.   ■ 

W.  floV  o  12  o  544  N.  Num.  of                       ^7356 j 

— 33682  N.  S.  greateft  Alt. 

0  90*0'  — — — 

20  I  34226  N.  S,  of  Sun's  Mer.  Alt.  20**  <'• 

X      \        *  f 

55en.  Dift.  69  59 
PecL         20    o  S. 


^t*     >^     49  59  N. 

But  as  this  Latitude  differs  41  Miles  from  that  by  Account,  ft 


firiU  be  £>rq^  to  repeat  the  Operation,  ufing  the  iiat.  laft  found  in** 
•     '    fthe*       •      * 

^  Elapfed  Time"  o  30    o  Decl.  20    o    0,02701 


jlcad  ofthe  Lat.  by  Account. 
H.  M.  " 


S.^  I^t.^  49^*  59'  OjigiyS 

I     Q     p 


Log.  Ratio  €^2187 

True  Time        o  30    o  3,6109! 

Time  per  Watch  o  43    o  0,88430 

H.M.— f 

Watch  flow        o  13    o             In  Col.  Mid.  T.  i    o  4^71407 

True  Time        0  30    0    Its  Log.  in  Col.  of  Rifing  is  2,93223 

Log.  Ratio  0,21897 

517  Nat.  Num.  of  2,71344 
33682  Nat.  S.  gr.  Alt* 


Kat.  S.  Sun- s  Men  AIt»  34^99  =  20''  o' 

Zen.  Dift,         70  o 
Dpcl.  ao  oS, 


The  Lat.  50  0  North. 


The 
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The  Latitude  laft  found,  diilcring  only  oAe  Mile  froth  that  ufcd  in 
the  Operation,  may  be  depended  on  as  the  true  Latitude*  Hence 
it  is  plain,  that  the  Operation  is  repeated  with  very  little  additional 
Trouble,  but  few  Alterations  being  neceflary. 

EXAMPLE     IV, 

Being  at  Sea  in  the  Latitude  of  60^  o'  North  bv  Account,  when 

the  Sun  was  on  the  Equator,  and  confequently  had  no  Declination,^- 

8t  I  H.  o  M.  P.  M.  per  Watch,  his  Altitude  was  28®  53',  and  at  3 

H.  o  M.  P.  M.  per  Watch,  it  was  20^  42^    Required  the  true  Lat. 

Times.  Lat.  60®  o'=:o,30i<53 

.  H.  M.  S.       Alt.    N:  S.  Dec  o  o  =0,00060 

I    6    o    a8  53=48303  ' 

3    o    6    20  42=35347   '        Log.  Ratio       o^joias 


Ekp.  T.  2    o    o  12956  Its  Log.  4,11247 

|E1.  T^ '  I    o    o    Its  Log.  in  Col»  of  |  Elap.  Time         0,58700 

2    o    o    Its  Log.  in  Col.  of  Mid.  T.  5,00050 


T.  fr.  N.  I    o    o    Its  L^.  from  Col.  of  Rifing  3»532t4J 

I>.pcrW;t    o    o  Log.  Ratio    0,3010} 


-r 


1704  N.  Nvun,  3>23i4P 

48303 

90  or 


Nat.  S.  Sun's  Mer.  Alt.  50007 =30**  o'  Sun^s  Meridian  Alt. 

60    o  Latitude 

The  Latitude  hy  Computation,  coming  the  fame  with  the  Lati-^ 
tude  by  Account,  (hews  that  the  Latitude  by  Account  was  right. 
From  the  foregoing  Examples  it  is  plain,  that  the  Operation  is  tl^e 
lame,  whether  the  Sun  hath  North  or  South  Declination.  And  it 
will  be  the  fame  whether  the  Ship  is  in  a  North  or  South  Latitude. 
It  is  alfo  clear,  that  when  the  Sun  has  no  Declination,  the  Secant, 
jfejefti|ig  the  Index  of  the  Latitude  is  the  Log.  Ratio. 

EXAMPLE     V! 

Wanting  to  go  through  the  N.  Channel  among  the  Maldives,  and 
ky  Account  being  Latitude  7°  40'N.  the  Declination  being  then 
22**47'N.  at  7  H.  25  M.  40  S.  A.  M.  the  true  Altitude  of  the 
Sun's  Centre  was  22°  30^,  and  at  10  H.  21  M.  48  S.  A.  M.  it  was 
fQund  63**  40'.     Required  the  Ship's  true  Latitude  ? 

I  Times. 


Ml  NEW    METHOD   OF    FINDING 

H.  M.S.  Alt.        Nat.  Sv  Lat.  by  Ac.  f  40'  0,00390 

Times    10  31  48  63^40'    89623  D^clifi.       22.47  0,03528 

7  25  40  ^U  30     38268  . 

— — *-  ■  Loe.feitio  0,03918 

Elap.  T.  3    6    8  51355  Its  Log.  4)71058 

I  EI.  T.  I  33  04  Its  Log,  in  CoK  of  ^  Elap.  Time  is     0,40368 

3     I  30  H.M-S. — -^ 

"  ■  "  *  "^  3    I  30     5>iS344 

TrueT.  i  28  26    Its  Ix>g,  in  Col.  pf  Rifing  is        .        3,86709 
T.p.W.i  28  12  £og.  lUtio      o,p39i8 

W.ilowo    0-14  6728  Nat.  Num.  .        3>8279i 

90  00    89623  Nat.  S.  gr.  Alfe 
Mcr.  Ak.     .74  29 


55cn.  Dift.  15  31 

Decl.  ,r.  22  47 


96351  N.  S.  Sun's  M^.  Ak.  ss  74«  29', 


X^at.  ifT'  7  16  North. 

N.  B.  As  the  Tables  are  only  calculated  to  30  Seconds,  the  Log.*- 
for  any  intermediate. Seconds  is  found  by  taking  tbe  Difference  be.-^* 
tween  the- Log.  next  greater  and  next  lei's,  and  fajdng,  as  |0  Seconds 
b  to  that  Difference,  fo  is  the  , given  Seconds  to  the  Difference  of 
the  Logarithms ;  or,  if  it  be  any  even  Part,  take  fuch  a  Part  of  the 
Difference,  and  apply  it  to  the  next  lefs  Logarithm  \  but  in  thefc 
Operations  a  few  Seconds  iit  not  regarded. 


0,00350 
0,03528 


S  E  C  0  N  D: 

OPERATION. 

Lat.        f  16' 
Dec.      22    47 

H.M.S. 

Log,  Ratio 

3    I  30 

H.  M.  S. 

I  33    0 

3    I  30 

True  Time     i  28  30 
N.  S.  gr.  Alt.  89623 

Log.  Ratio 

0,03878 

4,71058 
0,40368 

5,15304 

3,86701 
0,0387 

673 J  N.  Nu.  Log.  3,82822 

N. 5.  Sun's M.  Alt.96356=74  29.    Hence  the  Lat.  in  is     7®  i6'N. 

The  Latitude  l^ft  found,  agreeing  with  that  ufed  in  the  Operation^ 
it  may  be  taken  as  the  True  Latitude ;  and  the  Operation  is  repeat- 
ed with  very  Utile  additional  Trouble,  but  few  Alterations  being  ne- 

ceflary% 
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te^ry*  Hence  it  is  plain,  that  if  you  are  miftaken  in  the  Latitude 
by  Account,  yet  by  repeating  the  Work  two  or  three  Times,  making^ 
Ufe  of  the  Latitude  laid  found  in  the  next  Operation,  it  will  at  laft 
difcover  itfelf  to  be  truei  by  being  equal  to  the  laft  Suppofition, 
which  evidently  (hews  the  Excellency  of  thefe  Tables. 

In  the  former  Examples  we  have  coniidered  both  Altitudes  taken 
at  the  fame  Place  or  Station  ;  but  as  that  is  feldom  the  Cafe  at  Sea» 
the  neceflary  Corredtion  for  any  Alteration  of  Station  may  be  readily 
made  as  follows : 

Suppofe  the  firft  Altitude  in  the  Forenoon  at 

The  fecond  Altitude  in  the  Afternoon  at  2  H.  43  M. 

Difference  of  Longitude  made  is  30  Miles  W.  equal  to 


Subtrai9:ed  Is  the  elapfed  Time  4  15 

If  a  Ship  has  been  failing  to  the  Eaflnirard,  the  above  two  Minutes 
muft  be  add^d ;  but  unlefs  the  Difference  of  Longitude  be  confider- 
able,  it  is  not  worth  Notice,  as  it  will  nr^e  ,a  very  inconfiderable 
Error  in  the  Latitude. 

Again,  if  the  Ship  fails  or  makes  towards  that  Point  of  the  Com« 
pafs  which  the  Sun  bears  upon,  £he  muft  raife  the  Sun's  Altitude  as 
many  Minutes  as  the  Miles  flie  l^s  run  towards  it ;  therefore  the 
Mjles  run  towards  the  Sun  muft  be  added  to  the  firft  Altitude ;  but 
if  failing  from  the  Sun,  the  fame  muft  be  fubtra<Sed :  If  they  are  but 
few,  they  are  not  worth  minding ;  and  then  the  Seaman  may  make 
a  very  good  Eftimation  by  looking  at  the  Log-board  only,  who,  by 
that,  will  be  able  to  afcertain  the  Diftance  failed  to,  or  from  the 
Sun,  between  the  Obfervations,  which  will  be  of  fufficient  Exact- 
nefs  in  the  Praftice  of  Navigation ;  and  if  the  Ship  makes  an  Angle 
with  the  Sun's  Bearing,  it  may  be  readily  found  by  the  Table  of 
Difference  of  Latitude  and  Departure,  and  then  either  add  or  fub«- 
tra£t,  according  as  the  Cafe  requires ;  as  may  be  feen  in  the  follow- 
ing Exaipples,  which  are  inferted  for  the  Benefit  of  thofe  who  require 
a  greater  Degree  of  Accuracy* 
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Suppofe  a  Ship  from  die  Bay  of  Bifcay,  bound  to  the  £ngli/h 
Channel,  in  a  brifk  Gale  running  N.  by  E.  J  E.  per  Compafs  at  the 
Rate  of  9  Knots  per  Hour,  at  10 H.  oM.  A.  M.  per  Watch;  ob- 
ferved  the  Sun's  Altitude  13^  18'  bearing  South  |  E.  by  Compafs, 
find  at  I  H.  4^  M%  P.  M.  per  Watch,  the  Sun'^  Altitude  again  was 
ifound  14**  15',  the  Latitude  by  Account  being  49"*  17' N.  and  the 
Sun's  Declination  ;t3^  28'  S#    Required  the  true  Latitude. 

.  D  d  The 
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The  Correftion  to  the  fiijl  Altitude. 

The  Time  of  the  firft  Obfcrvation  is  lo  H.  o.  M.  A.  M.  and  o^ 
the  fccond  i  H.  40  M.  P.  M.  the  Elapfed  Time  is  3  Hours  40  M. 
and  the  Rate  of  Sailing  is  9  Miles  per  Hour  j  then  fay,  by  the  Rule 
of  Three,  as  i  H.  is  to  9  Miles,  fo  is  3  H.  40  M.  to  33  Miles^  the 
Diftancc  run  in  the  Elapied  Time.. 

Again,  the  Sun's  Bearing  at  the  firft  Obfervation  is  South  |  E. 
the  oppofite^  Point  to  which  is  N.  |  W.  or  J  Point,  and  the  Ship's 
Courfe  during  the  Elap.  Time  is  N,  by  E.  |  E.  i  J  Points,  fo  the 
Angle  of  Ship's  Courfe  with  the  Sun's  Bearing  is  2  §  Points. 

Now  in  the  Table  of  Difference  of  latitude  and  Departure^  tm 
the  Courfe  2  ^  Points,  and  Diftance  33,  the  Difference  of  Latitude 
is  29,  and  the  Ship  is  failing  from  the  Sun;  therefore  from  the  firft' 
obferved  Altitude  13°  18'  take  29',  the  Remainder  12°  49',  the  firft 
Altitude  corrected,  which  is  to  be  ufed  in  the  Operation  as  follows : 


H. 


Times 


M.S. 
JO     o     o 
I  40    o 


Alt.  Nat.  S. 
14  °I5'=  24615 
12  49  =:  22185 


Lat. 
Decl. 


49^ 
23 


If 
28 


Ela.  T.     3  40    o  DifF.  N.  S.  2430 


|E1.  T.    I  50    o 

o  10    o  Time  correfponding  to 


Log.  Ratio 
Its  Log. 
Its  Log. 


I  40    o   Its  Log.  in  Col.  of  Rifing  is 

Log.  Ratio 


90    o 

17  35 


5606  Nat.  Num*  of 
24615 


0,18554, 
O3O3749 

0,22303 
3>38s6i 
Q>33S59 

3^94423 

3^97170 
0,22303 

3>74867 


.Zen.  Dift.  72  25  N.*S.  M.  Alt.  30221  =:  17  35 
Decl.  23  28 

Lat.  48  57  N. 

But  as  the  Latitude  by  Computation  differs  confidftrably  from  that 
by  Account,  the  Work  muft  be  repeated. 

Lat.        48^  57'=:o,i8262 
Dec,        23    28  =0,03749 

Log.  Ratio  0,22011 

H.  M.  S.    Diff.  N.  S.  2430  Its  Log.     3,38561 
I  50    o  Its  Log.     0,33559 


o  10    o    Time  anfwering  to 


3394131 


fO    # 


I  40    o    Its  Log.  in  Col.  of  Riilng     3,97 17^ 
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90    o  3>97i70 

1737  Log.  Ratio  0,22011 


Zen.Dift.  72  23  5644  Nat,  Num.  of  3>75^59 

Decl.         23  28  H^^S 

Tr.  Lat.  48  55  N.     ^     30259  N.  S.  Mer.  Alt.  17**  37'. 

This  Latitude  differing  only  2  Miles  froth  that  ufed  in  the  Com- 
putation, it  may  be  depended  upoo  as  the  true  Latitude. 

EXAMPLE     VIL 

A  Ship  Tailing  N.  E.  half  E.  by  Compafs,  at  the  Rate  of  9  Knots 
an  Hourj  at  o  H.  31  M.  40  S.  P.  M.  per  Watch  I  found  the  Alti- 
tude of  the  Sun's  lower  Limb  28**  20'  above  the  Horizon  of  the  Sea, 
the  Eye  being  elevated  20  Feet  above  the  Surface  of  the  Water,  and 
the  Sun's  Bearing  by  Compafs  being  at  the  fame  Time  S.  by  W.  and 
at  2  H.  58  M.  20  S.  P.  M,  bv  Watch,  the  Altitude  of  the  Sun's 
lower  Limb  was  16°  41'  above  the  Horizon,  the  Eye  being  elevated 
as  before,  and  the  Latitude  by  Account,  at  the  Time  of  the  laft  Ob- 
fcrvation,  was  48°  o'  North,  and  the  Declination  13®  17'  South. 
Required  the  true  Latitude  at  taking  the  laft  Obfervation. 
Firft  obferved  Alt.  of  S's  lower  Limb  28**  20'  Second  ditto  16°  41' 
Refradtipn  to  be  fubtraded 

Correftion  for  Refraftion 
Dip  of  the  Horizon  fubtraded 

A  pp.  Alt. 

Sun's  Semi-diameter  added 

Correft  Altitudes  of  Sun's  Centre       28     30  16     5Q 

Corre6tion  for  the  firft  Altitude. 

The  Time  of  the  firft  Obfervation  o  H.  31  M.  40  S.  P.  M.  of 
the  Second  2  H.  58  M.  20  S.  P.  M.  fo  the  Elapfed  Time  is  2  H.  26 
M.  40  S.  :  the  Rate  of  Sailing  is  9  Miles  per  Hour.  Then  as  i  H, 
:  9  Miles  :  :  2  H.  26  M.  40  S.  :  22  Miles,  the  Diftance  run  in  the 
Elapfed  Time, 

Again,  the  Sun's  Bearing  at  the  firft  Obfervation  is  S.  by  W.  the 
oppofite  Point  to  which  is  N.  by  E,  or  i  Point, 
The  Ship's  Courfe  during  the  Ela.  Time  is  N.  E.  f  E.  or  4  f  Pts. 
So  the  Angle  of  the  Ship's  Courfe  with  J  j^  ^  by  N.  |  E.  3  f  Pts. 

the  Sun's  Bearing  is  J  j        %        o  z 

In  the  Table  of  Difference  of  Latitude  and  Departure,  to  the 
Courfe  3  f  Points,  and  Diftance  22  Miles,  the  Difference  of  Lati- 
tude is  J  7  Miles,  while  the  Ship  fails  from  the  Sun« 

D  d  :^  Where 


2 

28 

18 

4 

28 

0 

16 

3 

16 

38 

4 

16 
0 

i4 
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Wherefore,  firft  obfervcd  Altitude  iV"  30'  —  17'=  iV  1 3'  the 
firft  correA  Altitude  to  be  ijfed  in  the  Operation. 

H.M.S.      Alt.  N.  S.    Lat.  by  Ac.  48*  o'  o>i744* 

Times  o  31  40    28**  13'     47281     Dcclin.         13  1 7  OjOiif 
a  58  20    x6   50      28959                                ■• 

■    — -  ■■  Loe,  Ratio  0,18627 

£la.  T.  2  26  40  DIE  N.  S,  18322     Its  Log.  4)^6297 

JEI.T,  I  13  20    Its  Lbg.  from  Col.  of  f  Elapf.  Time  6,50432 

I  46  30   In  Col.  of  Mid.  Time  correfponding  to  4)95156 

0  33  10    Its  Log.  from  Col.  of  Rifing  3»oi923 

Log.  Ratio  0,18627 

N.  S.  gr.  Alt.  47281  '  ■ 

90    o  681  N.  Num.  of  zfi^<j^ 

Mer.  Alt.  28  40 


Zen.  Dift.  61  20 
Decl.         13  17 


N.  S.  Mer,  Alt,  479622=28**  40'. 


Lat.  48    3  N. 

And  as  it  differs  but  three  Miles  from  the  Latitude  by  Accouhtj^ 
it  may  be  taken  as  the  true  Latitude. 

Qucftions  for  Exercife. 

ift.  Being  at  Sea  In  Latitude  by  Account  39®  28'N.  when  the  Sun*s 
Declin.  was  20°  4i'N.  at  1 1  H.  ^o  M.  15  S.  A.  M.  per  Watch, 
the  Altitude  of  the  Sun's  lower  Limb  was  obfervcd  to  be  68°  18'  45" 
and  at  12  H.  26  M.  28  S.  P.  M*  it  was  70''  58',  the  Height  of  the 
Eye  being  21  Feet  above  the  Surface  of  the  Sea;  Required  thq 
true  Lat.  of  the  Ship  ? 

Anfwer,  39°  28'N. 

2d.  Being  at  Sea  in  Lat,  50°  40'N.  by  Account,  at  10  H.  17  M, 
30  S.  A.  M»  per  Watch,  the  Altitude  of  the  Sun's  lower  Limb 
was  obferved  to  be  17*  4'  |,  and  at  11  H.  17  M.  30  S.  it  was 
19°  31'  I,  the  Declination  being  then  20°  N.  and  Height  qf  the 
Eye  21  teet  above  the  Sea.     Required  the  Latitude  in? 

Anfwer,  50*  o'N. 

3d.  Suppofe  a  Ship  at  Sea  in  Lat.  47°  34'N.  by  Account,  at  9  H» 
55  M.  36  S.  by  Watch,  the  Altitude  of  the  Sun's  lower  Limb  was 
I7<»  24',  Bearing  by  Compafs  S.  by  E,  J-  E.  and  at  12  H.  54  M. 
10  S.  his  Altitude  was  21°  45'  |,  the  Declination  being  then  19* 
30' S,  the  Height  of  the  Eye  ao  Feet  above  the  Sea,  and  the  Ship*s 
Courfe  by  Compafs  was  E.  f  S.  at  the  Rate  of  7  Knots  per  Hour* 
What  was  the  true  Latitude  f 

Anfwer,  47**  24'N. 

At 
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'  4th.  At  XI  H.  28  M.  20  is.  A.  M.  per  Watch,  the  Altitude  of  th* 
Sun's  lower  Limb  was  28®  i8^  the  Sun  bearing  then  S.  by  W.  bj 
Cbmpafs.  At  2  H.-  58  M.  20  S.  P.  M.  his  Altitude  was  16^  40% 
the  Height  of  the  Eye  20  Feet,  his  Declination  being  then  13^  17'N. 
and  the  Latitude  then  by  Account  47^  50'N.  the  Ship's  Courier 
during  the  Elapfed  Time  was  N.  E.  with  her  Larboard  Tacks  on 
Board,  failing  at  the  Rate  of  fix  Knots,  and  made  half  a  Point  Lee* 
way.  What  Latitude  was  (he  in  when  the  laft  Altitude  was  taken  ? 
Anfwcr,  48^  9'N. 

By  the  Ship's  Courfe  per  Compafs  is  to  be  underftood,  its  Cour(e 
made  good,  Leeway,  if  any,  being  firft  allowed,  oc  the  Courfe,  bf 
Compafs,  corre<3:ed  for  the  Lee-way  only,  but  not  fbt-  the  Variation. 
Had  the  Variation  of  the  Compafs  been  applied,  both  to  the  Ship'» 
Courfe  and  the  Sun's  Bearing,  it  would  not  have  made  any  DiflFer« 
ence  in  the  Operation  or  Rcfult,  as  the  Anale  formed  by  them  will 
always  be  the  (ame,  whether  they  are  both  eftimated  by  the  Com|>afs| 
or  when  the  Variation  is  allowed  on  both. 

This  Method  of  finding  the  Latitude  is  of  excellent  Ufe,  finco 
there  are  fo  many  Circumftances  at  Sea,  which  deny  the  Opportu- 
nity of  having  the  Sun's  Meridian  Altitude  ;  and  as  the  knowing  the 
true  Latitude  is  of  the  greateft  Confequence,  efpecially  in  coming 
into  the  Englifh  Channel,  &c*  where  there  are  frequent  Obftru6lion$ 
of  Clouds,  every  Seaman  ought  to  be  ready  at  determining  his  Lati-» 
tude,  by  this  Method,  whenever  an  Opportunity  ofiers,  left  h^ 
Ibould  not  fee  the  Sun  upon  the  Meridian. 

Note.  The  nearer  to  Noon  the  Obfcrvations  arc  taken,  the  betteri 
provided  the  elapfed  Time  be  not  much  lefs  than  Half  the  Intertal  <^ 
Time,  when  they  are  both  taken  on  the  fame  Side  of  Noon,  nor 
much  greater  than  Once  and  Half  the  greater  Interval,  when  taken 
on  difierei^  Sides  of  Noon. 


To  find  the  Latitude  by  the  Meridian  Altitude  of  the  )Moon. 

IN  Page  6th  of  the  Month  in  the  Nautical  Almanack,  find  the 
Time  of  the  Moon's  paffing  over  the  Meridian  of  Greenwich. 
Turii  the  Longitude  into  1  ime,  by  Table  XVIIL  and  add  it  to 
the  above  Time,  if  it  be  Weft,  but  lubtraa  it,  if  it  be  Eaft:  The 
Sum,  or  Difterence,  will  be  nearly  the  Time  of  her  Paflage  over  the 
Meridian  of  the  Place  of  Obfetvation ;  which  call  Reduced  Time. 

In  Page  7th  of  the  Month  in  the  Almanack,  find  the  Moon^s 
Semidiameter  and  Horizontal  Parallax,  at  the  Reduced  Time. 

Take  the  Difference  between  the  Moon*s  Semidiameter  and  Dip, 
%ni  add  it  to  the  obfervcd  Altitiudc,  if  the  lower  Limb  was  obferved, 

bw 
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but  fubtraA  It,  if  the  upper  Limb  wa$  obferved :  The  Sum  or  Dif-* 
fcrence  will  be  the  apparent  Altitude  of  her  Center. 

From  the  Proportional  Logarithm  of  the  Moon's  Horizontal  Pa- 
rallax, found  in  Table  XIX.  increafing  its  Index  by  lO,  iubtra£l 
the  Log.  Co-fine  of  the  Moon's  apparent  Alt.  the  Remainder  will 
be  the  Prop.  Log;  of  the  Moon's  Parallax  in  Altitude,  from  which 
take  her  Refradion,  the  Difference  will  be  a  CorreSion,  which  being 
added  to  the  apparent  Altitude,  will  give  the  true  Altitude  of  her. 
Center :  Hence  the  Zenith  Diftance,  to  which  apply  her  Declina* 
tiot),,  and  you  will  have  the  Latitude. 

Note.  The  Moon's  Declination  is  fet  down  in  Page  the  6di  of 
the  Month  for  every  Noon  and  Midnight  in  the  Nautical  Almanack, 

Therefore  find  the  Declination  for  the  neareft  Noon  and  Mid- 
night both  before  and  after  the  reduced  Time,  and  take  the  Diffe-r 
rence. 

Then  as  12  Hours  :  is  to  the  Difference  in  12  Hours  : :  fo  is  the 
reduced  Time  :  to  a  proportional  Part ;  which  being  added  to,  or 
fubtra£led  from  the  Declination  the  Noon  or  Midnight  before  the. 
reduced  Time,  according  as  it  is  increafing  or  decreafing,  will  give 
the  Declination  at  the  Time  and  Place  of  Obfervation, 

E    X    A    M    P    L    E      L 

Suppofcon  Sept.  21,  1796,  in  Long.  45®  Well,  the  Altitude  of 
flie  Moon's  lower  Limb,  when  on  the  Meridian  South  of  the  Ob-^ 
fcrver,  Ibould  be  67**  43'  |,  the  Eye  being  23  Feet  above  the  Sea, 
Required  the  Latitude  ? 

By  the  Almanack,  the  Moon  pafles  over  the  Meridian  of  Grecn-» 
wich  that  Day  at  i6  H,  10  M.  Afternoon,  and  the  45^  Wefl  turned 
into  Time,  and  added  to  it,  gives  19  H.  10  M.  that  is,  7  H.  10  M, 
paft  Midnight,  the  Time  Ihe  pafles  the  Meridian  of  the  Place  of 
Obfervation.  , 

Hor.  Par,  59'  15"  Prop.  Log.  10,4826  Moon*s  obf.  Alt.  67°  43'  30'' 
App.  Alt.  67  55  Log.  Cofine  9,5751  Sem.  Diam.  16°  8') 

Dip  4  34]"  3+ 

Prop.  L.  of  M's  P.  in  Alt.  22'  16"  9075  :■ 

Moon's  Refraftion  23  App.  Alt.  67  55    4 

21  53    Corred.  ©f  Moon's  Alt.      %\  53 
Sept.  2ift, 


Moon's  Decl.  at  Midnight  \f  37'    17  37  M's  tr.  Alt.  68  i6  57 
Sept.  22d,  Ditto  at  Noon  19  23        i     3  Moon's  Dec.  90  ^ 


I  46      18  40    Zen.  Dift.  %i  43    38 
As  12H.  :  1^46'::  7H.  loM.  :  i«3'      Decl.  1840    oN 

Lat.  in         40  2|    3N 
Note.  If  the  neareft  Minutes  are  taken  and  the  Seconds  rejeclcdj 
i(  will  be  fufficiently  eaaft  for.thePurpofe. of  finding  the  Latitude. 

EXAMPLE 


55  54    3^ 

33  4o 

5* 
90 

27  43 
0    0 

THE    LATITUDE    AT    S£A.  itj 

Er  X    A    M    P    L    E      n. 

Suppofe  on  Dec.  13,  1796,  in  Long.  30®  Eaft,  the  Alt*  of  thfc 
Moon's  upper  Limb  ftiould  be  obferved  when  on  the  Meridian,  being 
then  South  56°  15',  the  Eye  20  Feet  above  the  Sea.  Required  the 
Latitude  ? 

The  Moon  paffes  over  the  Meridian  of  Greenwich  that  Day,  by 
Ihe  Almanack,  at  11  H,  23  M.  Afternoon.  The  Long,  in  Time 
2  H.  fubtraded  from  11  H.  23  M.  leaves  9  H.  23  IVJ.  for  the  Time 
Ihe  paffes  the  Meridian  at  the  Place  of  Obfervation. 

At  this  Time  the  Moon's  Semi-diameter  is  found  to  be  16'  41''^ 
and  her  Horizontal  Parallax  61'  10". 

H.  Par.  61'  10"       P.  L.  10,4687  Alt.  Moon's  up.  L.  56^15'  .• 
Ap.  Alt.  SS*' 54'        Cof.     9,7487  Sem.  Diam.  16' 41" 

— -  +  Dip.  416         20  57 

P.  Log.  of  P.  in  Alt.  34'  18"     7200 
Refradion  38  App.  Alt. 

-  Cor.  of  Moon's  Alt, 

33  40 

Moon's  Alt. 
Moon's  Decl.  Dec.  13  at  Noon  19°  18' 
Ditto  at  Midnight  20  59 

F  Zen.  Dift.   33  32  ij 

DifF.         I  41 
As  12  H.  :  1**  41'  :  :  9  H.  23  :  i""  19'?    _  n  ^1 

Decl.  at  Noon^  19   18  X    ==  °'''^"-       ^^  ^7    f 

Lat.        54    9   17N 

To  find  the  Latitude  by  the  Meridian  Altitude  of  a  Planet; 

In  Page  4th  of  the  Month  in  the  Nautical  Almanack  arc  given 
the  Declinations  and  Times  of  the  Planets  Paflage  ov^^r  the  Meridi^ 
•f  Greenwich  every  6  Days. 

Reduce  the  Longitude  into  Time,  and  add  it  to,  or  fubtradl  it 
from,  the  Times  of  their  Paffages  over  the  Meridian  of  Greenwich, 
according  as  their  Longitude  is  Eaft  or  Weft  :  The  Sum  gr  Diffe- 
rence will  be  the  Time  they  pafs  the  Meridian  of  the  Place  of  Ob- 
I'ervation  :  Correft  the  obferved  Altitude  for  the  Dip  and  Refraftion, 
ivith  this  correct  Altitude  and  Declination  find  the  Latitude ;  as  for 

EXAMPLE. 

Suppofe  in  Longitude  45* W.  on  Oflober  i,  1796,  the  Meridian 
Altitude  of  Jupiter,  when  South  of  the  Obferver,  £hould  be  41°  30', 
the  Eye  22  F^et  above  the  Sea,  and  the  Latitude  be  required  ? 


$i$      NEW   METHOD    Of    FINDING,    fee* 

By  the  Almanack  Jupiter  paffes  the  Meridian  of  Greenwich  that 
Day  at  9  H.  53  M»  Afternoon ;  and  3  H.  the  Long,  in  Time,  added 
to  it,  gives  53  M.  after  12  at  Night,  when  he  pafles  over  the  Me«» 
n4ian  of  the  rlace  of  Obfervation. 

Meridian  Alt.     41*30'  o" 
Dip  4'  28"  +  Refraft,  1'  4"  r:     o    5  32 


True  Alt. 

Zen.  Dift. 
Decl. 

41    25    28 

48  35  32  Si 
u  12    oS. 

Lat. 

37  23  3*N. 

The  Declination  of  the  Planets  are  fet  down  for  every  6  Days^ 
but  may  be  found  for  intermediate  Days  by  taking  Proportional 
Parts. 


Qp    thePARALLAX. 

PARALLAX  is  the  Difference  between  the  Altitude  of  the  Sun, 
Moon,  or  Star,  and  the  Altitude  of  the  fame  ObjeA  feen  at  the 
lame  Time  from  the  Earth's  Surface ;  or  it  is  the  Angle  the  Earth's 
Semi-diameter  would  appear  under  by  an  Obferver  placed  at  the  Sun, 
Moon,  or  Star. 

The  Parallax  of  the  Heavenly  Bodies  are  greateft  when  in  the 
Horizon,  hence  called  the  Horizontal  Parallax  ;  that  of  the  Moon's  is 
fet  down  in  the  Nautical  Almanacks  fpr  every  Noon  and  Midnight^ 
and  lies  between  54'  and  62' ;  the  Parallax  diminiflbes  according  to 
the  Altitude  of  the  Objefl:  until  it  comes  to  the  Zenith,  where  it  is 
nothing  j  the  Difference  of  the  Elevation  of  Objedls  is  called  the  Pa- 
irallax  in  Altitude,  and  it  is  eafy  calculated  by  faying,  as  Radius  is  to 
the  Horizontal  Parallax,  fo  is  the  Co-fme  of  the  Altitude  to  the  Pa* 
rallax  in  Altitude:  Now,  as  all  Objefts  are  depreffed  by  their  Pa^ 
ralJax,  fo  they  are  elevated  above  their  true  Altitudes  by  Refradion. 


Uk 


OF    THE    PARALLAX. 
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Let  P  T  reprefent  the  Earth,  T  the  Centre,  M  3)  V  a  Part  of  the 
Moon's  Orbit,  DD  Part  of  the  Sun's  Orbit,  and  the  rational  as  well 
as  A  A  is  the  fenfible  Horizon. 

Nov/,  an  Obferver  at  T  will  fee  the  Moon  in  the  Line  D  R,  when 
another  at  P  at  the  fame  Time  will  fee  her  in  the  Line  D  A  in  the 
fenfible  Horizon,  and  the  Angle  P  DTrrMT^  =A  DRisthe 
Horizoiftal  Parallax  fet  down  in  the  Nautical  Almanack  for  every 
Noon  and  Midnight,  and  lies  between  54'  and  62' ;  this  Angle  di- 
minifces  as  the  Objeft  approaches  the  Zenith  ;  for  fuppofe  the  Moon 
in  the  Line  P  ^  the  <  ^  D  o  ==  P  D  T  is  lefs  than  the  <  A  D  R  =: 
<  T  1>  P,  ftill  diminilhing  until  it  comes  to  the  Zenith  Zj  where 
it  is  nothing.  To  find  the  Diminution  of  Parallax  in  Altitude,  fay, 
as  Radius  :  is  to  the  Horizontal  Parallax  :  :  fo  is  the  Co-fine  of 
the  Apparent  Altitude  ;  to  the  Parallax  in  Altitude. 

The  Parallax  of  the  Moon  is  greater  than  any  of  the  reft  of  the 
Planets,  owing  to  her  being  neareft  the  Earth,  the  vaft  Diftance  of 
Sun  and  Stars  rendering  their  Parallax  fo  fmall,  that  they  are  often 
neglefted  in  Nautical  Calculations  j  for  fuppofe  the  Sun  at  F  or  S, 
then  the  <  TF  P— ^  TF  is  the  Sun's  Parallax,  about  8  |  Seconds, 

Having  the  Earth's  Semi-diameter  and  the  Parallax  of  any  of  the 
Planets,  their  Diftance  may  be  found,  by  faying,  as  the  Tangent  of 
the  Parallax  :  is  to  the  Earths  Semi-diameter  in  Miles  :  :  fo  is  Ra- 
dius :  to  the  Diftance. 

Having  the  Diftance  the  Parallax  is  found  by  faying.  As  the  Dif- 
tance :  is  to  Radius  : ;  fo  is  the  Earth's  Semi- diameter  :  to  the  Tan- 
gent of  the  Parallax. 

The  Earth's  Semi -diameter  is  11 46  Nautical  Leagues,  the  Sun's 
Piftance  from  the  Earth  is  27,809,344,  the  Moon  69,059,  Mercury 
10,764,563,  Venus  20,115,400,  Mars  42,372,897,  Jupiter 
'4+'^3S>^33>  ^"^  Saturn  265,283,603  Leagues, 


Ec 


To 


tjE  METHOD    OF    FINDING 

To  find  the  apparent  Time,  and  thereby  regulate  the  going 
of  the  Watch, 

AMONG  the^cthods  propofcd,  that  by  equal  Ahitudes  of  the 
Sun  feems  vei^  fit  for  Praftjce  at  Sea, 

At  the  Time  when  the  Watch  ftands  in  need  of  beiog  regulated, 
for  the  Obfervations  intended,  let  the  Sun's  Altitude  he  taken  at 
any  convenient  Time  in  the  Forenoon,  2,  3>  4>  or  5  Hoiirs  diftant 
from  the  Meridian.  Set  down  the  Altitude  with  the  correfponding 
Time  exactly  (the  Indej?  being  already  fet  to  the  Morning '  Alti- 
tude) :  Note  down  the  Time  of  the  fame  Altitude  in  the  Afternoon  j 
half  the  Sum  of  thefe  two  Times,  is  the  apparent  Time  (he^n  by 
the  Clock  or  Watch  when  the  Sun  was  upon  the  Meridian  of  that 
Place.  But  it  mull  here  be  obferved,  that  if  the  Change  of  Decli- 
nation be  confiderablc  during  the  elapfed  Time,  it  muft  be  allowed 
for,  by  adding  the  Difference  to,  or  fubtracSing  it  from,  the  f^cond 
Altitude,  according  as  it  is  increafing  or  decrcafirig.  Left 'that  an 
Altitude  taken  in  the  Forerwon  cannot,,  by  the  Interpofition  of 
Clouds,  have  a  correfponding  one  in  the  Afternoon  ;  it  is  therefore 
proper  to  t^k^  feveral  in  the  Forenoon,  in  order  to  fecure  a  corre- 
fponding one  in  the  Afternoon.  And,  if  feveral  equal  Altitudes  can 
be  taken  on  both  Sides  of  the  Meridian,  it  will  be  beft  to  find  the 
Noons  for  each  Pair,  and  the  Means  of  all  the  Noons  thus  found  fior 
^e  true  one. 

When  there  is  Reafon  to  believe  that  the  Watch  gains  or  lofes 
(ponfiderably,  other  Sets  of  Obfervations  may  be  taken  on  fucceffive 
Days,  whereby  the  Daily  Variation  may  be  found  and  allowed  for  i 
by  which  Means  the  Artift  will  have  little  more  to  do  in  finding  his 
Juongitude  by  Obfervation,  than  to  reduce  the  obferved  Diftance  of 
the  Objefts  to  the  true  Diftance  of  their  Centers ;  the  Ship'?  Time 
teing  Ihey^rri  by  the  Watch  previoufly  regulated. 

EXAMPLES. 

May  20,  1796,  fuppofe  that  at  M^y  18,  1796,  in  Lat.  4C)®N* 

8  H.  40  M.  in  the  Forenoon,  and  fuppoie  at  8  H.  10  M.  58  S.  F  ore-* 

3H.  16  M.  Afternoon  by  Watch,  noon,  and  at  3  H,  58'  34"  you 

the  Sun  had  equal  Altitudes,  and  have  equal  Altitudes  of  the  Sun, 

the  going  of  the  Watch  be  re-  Required  the  going  of  the  Watch  ? 

quired  ?  The  Diftance  of  the  Time  froin 

H.  M.  Noon  when  the  firft  was  taken  is 

Now  add  togetl^er               12     o  3  H.  49  M.  2  S.  doubled  is  7  H. 

^40  38  M.  4  S.  and  the  daily  Decreafc 

3   16  of  Declin.  atthisTimeis  23'4i", 

■  Now  as  24  H. :  23' 41"  : :  7  H, 

2)^356  38' 4":  74- 

Hence  the  Index  of  the  Qua- 

i  gives  Noon  per  Watch    11  58  drant  muft  be  fet  7'  |  forward  on 

lYue  Noon                         12     o  the  Arch,  to  correfpond  with  the 

«f  Morning  Alt.  whence  the  Watcl^ 

W^l^h  flow                                ?  will  t>e  found  4'  46''  too  faft. 


tHfi    LONGlTUOE    AT    SEA*  Vt^ 

Here  it  is  fuppofed  that  the  Ship  is  lying  by,  or  makes  no  Way 
through  the  Water  j  but  if  (he  is  failing  to  or  from  the  Sun,  propei* 
i\llov/ance  mud  be  made  for  her  Run,  during  the  elapfed  Time,  but 
the  following  Methods  of  finding  the  Time  will  anfwer  every  Pur« 
pofe  at  Sea« 

To  find  the  apparent  Time  by  the  Sun's  Altitude* 

Find  the  Ship's  Latitude  and  Longitude  by  Account,  at  the  Tim^ 
of  Obfervation^  by  carrying  the  Reckoning  forward  to  that  Time. 
•     With  a  Quadrant  wdl  adjuftedj  take  the  Altitude  of  the  Sun's 
lower  Limb.  . 

Take  the  Difference  between  the  Semi-diameter  and  Dip  of  th^ 
Horizon,  and  add  it  to  the  obfei  ved  Altitude,  the  Sum  will  be  the 
Sun's  apparent  Altitude. 

Take  the  DiiFer^nce  between  the  Sun's  RefracSion  and  Parallax 
in  Altitudcj  and  fubtradl  it  from  the  apparent  Altitude  ;  the  Remains 
der  will  be  the  true  Altitude  of  the  Sun's  Centre  j  hence  the  true 
Zenith  Diftance. 

Turn  the  Ship's  Longitude  into  Time,  and  either  add  to  or  fub-* 
traft  from  the  Time  per  Watch,  according  as  it  is  Eaft  or.  Weftj 
the  SuiHj  or  DifFerence,  will  be  the  reduced  or  fuppofed  Time  at  the 
Place  of  Obfervatiort. 

Take  the  Sun's  Declination  out  of  the  Nautical  Almanack,  and 
proportion  it  to  the  reduced  Time :  With  the  Sun's  true  Deelinai* 
tion  find  the  Polar 'Diftance;  then. 

Add  together     The  Zenith  Diftance, 
The  Co-Latitude,  and 
Polar  Diftance  into  one  Sum.  . 

From  half  this  Sum  fubtradt  the  Zenith  Diftance,  noting  the  half 
Sum  and  Remainder ,  then  add  together 

The  Log.  Co-Secant  of  the  Comp.  of  the  Lat.  1  Rejefting  their 

The  Log.  Co-Secant  of  the  Polar  Diftance,         J       Indexes* 

The  Log.  Sine  of  the  half  Sum,  and 

The  Log.  Sine  of  Difference  into  one  Sum. 
Half  the  Sum  of  thefe  four  Logarithms  will  giVd  the  Log.  Co-fnl3 
of  half  the  Hour  Angle  3  which  being  doubled  and  turned  into  Time, 
by  allowing  15  Degrees  for  every  Hour,  &c.  or  more  briefly  by  the 
Table,  will  give  the  true  Time,  if  the  Altitude  ivas  taken  in  the^ 
Afternoon;  but  if  in  the  Forenoon^  its  Complement  to  24  Hours 
will  be  the  true  Time,  reckoned  from  the  preceding,  or  Noon  be* 
fore. 

Note.  The  Refraction  is  found  in  Table  V.  of  this  Bdok* 
The  Dip  in  Table  VL  in  ditto. 

The  Sun's  Parallax  in  Alt.  Table  VIL  in  ditto. 
The  Sun's  Decl.  in  Page  Id  of  the  Month,  and 
The  Sun's  Semi-diameter  in  Page  3d  of  the  Month  in 
the  Nautical  Almanack, 

E  e  2  EXAMPLE 


I 


METHOD    Of    FINDING 
EXAMPLE      L 


Suppofe  a  Ship  at  Sea  in  Lat.  ^q^  54'N.  and  Long.  35"  30'W.  of 
Greenwich  by  Account,  on  the  7th  of  May,  1796,  at  5  H.  30  M, 
P.  M.  by  Watch  J  the  Altitude  of  the  Sun's  lower  Limb  was  ob- 
fervecl  to  be  15*'  45',  the  Eye  being  18  Feet  above  the  Water,  Re- 
quired the  true  apparent  Time  when  the  Obferv^ation  was  made? 
ObL  Alt,  Sun's  lower  Limb  15"^  45'  o'^  Lat.  39''  54' 
Semt-diam,  15' 53"  Co-Lat.  50      6 

Dip  -4    3  H,  M, 

Diff.  —  1 1   50    Time  at  Ship  5  30 

-  —  *- Long,  35^30'—  2  22 

Siin*s  app.  Alt.  15  5&  5^  *— ^  '^ 

Ref*  3'  ij"^ — ParaL  8'  =  39      Supp»'Timc  at  Ship     7  52 


Sun's  true  AU« 


Zen*  Dift. 


15  53  41     S'sDec.  May7    ly**    s^  ^4^' 
90  Ditto,  Mayo      17  ai  34 


74     6  ig     Daily  Diff. 


16  10 , 


Now  as  24.  H.  :  16'  10"  :  1  7  H  Si' :  5'  i/^j  which  added  to  17* 
3^  %^\  the  Sun's  Declination  the  preceding  Noon,  gives  17°  10'  41"^ 
the  Sun's  true  Declination  at  the  Time  and  Place  of  Obfervation^ 
which  being  fubtradted  from  9O5  leaves  yz"^  49'  ig'^N.  the  Polar, 
DHbnce. 


Zen.  Ditt. 
Co,  Lat, 
Polar  Dift, 


Half  Sum 
Zcti  Dift< 


6'  19" 
6    o 


98  30  49 
74    ^  '9 


Co.  Secant 
Coi  Secant 


Log,  Sine 


0,11511 
0,01983 


9>995r8 


Remainder  24  24  30        Log.  Sine  9,61620 


Half  Hour  Angle  41  41  33 
2 


1^74632 
9,87316 


Hour  Angle        83  23    6  n  5H*33'  32"  true  Time  at  Ship, 

5     30    32   Time  per  Watch. 

030    Watch  flow* 
Note.    The  Co.  Secant  (reje^fting  the  Index)  of  any  Angle^  is 
equal  to  the  Arithmetical  Co-line  of  that  Angle, 


EXAMPLE 


th£  longitude  at  sba. 

EXAMPLE     IL 


ail 


Suppofe  in  the  Forenoon,  on  the  loth  of  Oftober,  1796,  in  Lat. 
51**  30'N.  and  Long.  52°  Eaft,  the  Altitude  of  the  Sun's  lower 
Limb  (hould  be  found  as  under,  the  Eye  being  22  Feet  above  the 
Sea.    Required  the  true  Time  of  the  Day  ? 

Times.     Altitudes.  H.  M. 


H.M. 
8  14 
8  19 
8  30 

3)  25    3 
Mean  8  21 

Lat 

I2»28' 

13  20 

14  51    Co. 

40  39 
13  33 

51'  30'   Time                  8  21 
90  00                            12 

Lat.    38  30                    ^       ao  21 
Long,  in  Time    3  28 

App.  Time        16  53 

Obf.  Alt: 
Sem-di.  16'    5" 
Dip         4  zi 
Diff. 

130  33'  00" 
0  11  37 

Sun's  Decl.  Oft.  9           6°  38'  48* 
Ditto,  0£t.  10                 713* 

Diff.  of  daily  Dec.             0  22  44 

App.  Alt. 
,  Refra£tion 

'3^37^       ^        ,     „       ^^      ,63848 
3  51  As  24h. :  22'  44" : :  16b.  53' :    15  59 

True  Altitude 

13  40  46 
90 

True  Dcdin.  at  Ship          6  54  47 
90  00  00 

Zen.  Dift.     , 
Co.  Lat. 
Polar  Ditt. 

76  19  14 
38  30    0 
96  54  47 

Polar  Dift.                        96  54  47 
Co.  Sec.           0,20585 
Co.  Sec.           0,00317 

Sum              ,2} 

211  44    » 

Half  Sum 
Zen.  Dift. 

105  52    0 
76  19  14 

Log.  Sine         91983 13 

Remainder 

29  32  46 

Log.  Sine          9)69301 

Half  Hour  Angle    28^9' 
2 


Hour  Angle 


57  38  z:  3  H.  50' 32" 


2)  19,88516 
9,94258 


Here  3H.  50  M.  32  S.  fubtrafied  from  24  Hours,  leaves  20  H. 
9  M.  28  S.  the  true  Time  from  Noon,  0»ft.  9,  or  8  H.  9  M.  28  S. 
in  the  Forenoon,  Oct.  10,  by  the  common  Way  of  reckoning 
Time.     Watch  faft  1 1  M.  32  S. 

NoTt.  As  the  Obfervations  were  made  in  the  Morning,  12  Hpuri  muft 
be  added  to  it  to,  giv^  the  Time  from  M  N  joo. 

To 


±tz  METHOD    OF    FINDING 

To  find  the  apparent  Time  by  the  Altitude  of  a  fixed  Star* 

Corrc<9:  the  Obf.  Ahitude  for  the  Dip  and  Refraction. 
Find  the  Ship's  Lat.  by  Account  at  the  Time  of  Obfervation. 
Find  the  Star's  Right  Afcenfion  and  Declination  in  Table  XIIL 
Then  add  together 
Zenith  Diftance, 
Co.  Latitude,  and 
Polar  Dift.  into  one  Sum. 
From  half  this  Sum  fubtraft  the  Zenith  Dift.  noting  the  half  Sum 
and  Remainder. 
Then  add  together 

.  Log.  Co.  Sec.  of  Complement  of  the  Lat.  l  Rejedling  their 
Log.  Co.  Sec.  of  Polar  Diftance,  3       Indexes. 

Log.  Sine  half  the  Sum,  and  the 
Log.  Sine  Remainder  into  one  Sum. 
Half  the  Sum  of  thefe  four  Logarithms  will  be  the  Log.  Co.  Sine 
of  half  Hour  Angle. 

Turn  this  Hour  Angle  into  Time,  and  apply  it  to  the  Star's 
Sight  Afcenfion,  by  fubtrading  it  when  the  Star  is  Eaft  of  the  Me- 
ridian^ or  adding  it  when  it  is  Weft  of  the  Meridian,  their  Sum  or 
Difference  will  be  the  Right  Afcenfion  of  the  Meridian  or  Mid 
Heaven. 

From  the  Right  Afcenfion  of  the  Meridian  (increafed  by  24  if 
neceflary)  fubtraft  the  Sun's  Right  Afcenfion  the  preceding  Noon  at 
Greenwich,  taken  from  Page  2d  of  the  Month  in  the  Nautical  Al- 
manack, the  Remainder  will  be  the  apparent  Time  at  Ship  nearly. 

To  this  Time  apply  the  Long,  of  the  Ship  from  Greenwich 
turned  into  Time,  by  adding  it  when  it  is  Weft,  or  fubtrafting  it 
"when  it  is  Eaft,  the  Sum  or  Difference  will  be  the  apparent  Time 
of  the  Obfervation  nearly  by  the  Meridian  of  Greenwich. 

Then  fay,  as  24  Hours  is  to  the  daily  Variation  of  Sun.'s  Right 
Afcenfion,  fo  is  this  Time  to  a  Number  of  Minutes  and  Seconds, 
which  fubtraifled  from  the  above  Time,  leaves  the  correal  apparent 
Time  at  Ship. 

EXAMPLE      I. 


• 


Suppofeon  Sept  7th,  1796,  in  Lat.  y^  45'  South,  and  Long.  30' 
18'  Eaft  of  Greenwich,  the  Alt.  of  the  Star  Procyon^  being  then 
Eaft  of  the  Meridian,  fliould  be  28®  16',  and  the  Eye  18  Feet  above 
the  Surface  of  the  Sea.     Required  the  true  Time  ? 

Star's  Obf.  Alt.         28^)6'    0"        Lat.  by  Ace-  7^45^ 

Refrac.  i'47"  90 


Dip        4     3  5  50 

Star's  true  Alt.         28  10  10 


Co/Lat#  8a  15 


THE 

;    LONGITUDE    AT 

SJS  A.                  2Z$ 

28  10  10 

Star's  Dec!. 

5. 44' 58" 

90 

90 

Zen.  Dift. 
Polar  Dift. 
Co.  Lat. 

-61  49  50 

95  44  58 
iz  15    0 

Polar  Dift. 
Log.  Co.  Sec. 
Log.  Co,  Sec. 

95  44  58 

0,002)0 
0,00398, 

Sum 

239  49  48 

Half  Sum 
^en.  Dift. 

119  54  54 
61  49  so 

Log.  Sine 

9.93789 

Remainder 

58'  5    4 

Log.  Sine 

9,92881 

Sum            2) 

19,87287  • 

Half  Hour  Angle 

30  15 
2 

H4lf  Sum 

■ 

9.93643  •     .     ■ 

Hour  Angle  60  30  =r  420 

Star's  Right  Afcenfion  7  28  39 

Right  Afcenfion  of  Meridian  3  26  39 

Increafed  by  24 

27  26  39 
Sun's  Right  Afcenfion  at  Noon  11     6  37 


Time  at  Ship  nearly  16  20     2 

Ship's  Long.  30°  18'  Eaft  in  Time     2     112 

Time  at  Greisnwich  nearly  14  18  50 

Sun's  Right  Afcenfion,  Sept.  7        ,11     6  37 
Ditto  8  II  10  13 


Paily  Difference  *  3  36 

Then  fay,  as 24 H.  :  3M.  36S.  ::  14H.  18M.  50S.  :  2M.  9S, 
which  fubtraded  from  16  H.  20  M.  2  S.  the  Time  at  Ship  nearly, 
leaves  16  H.  17  M.  53  S.  the  true  Time  at  Ship  after  Noon,  or 
^  H,  17  M.  S3  S.  after  Midnight. 


EXAMPLE 
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EXAMPLE     II. 

Suppofc  on  April  i4i  1796,  in  Ls^t.  48*'  56' N.  Long.  66®  W. 
the  Obf.  Alt.  of  Aldebcran,  when  Weft  of  the  Meridian,  ibould  be 
a2'  24'  f ,  the  Height  of  the  Obfervcr's  Eye  2 1  Feet  above  the 
Surface  of  the  Sea.     Required  the  true  apparent  Time  at  Ship. 
Obf.  Alt.  Sur  Aid.   22**  24' 30"        Lat.  by  Ace.  48'56'N^ 

Refrac.  2' 18"  90 

Dip        4  22  6  40 


Star's  true  Alt.         22  17  50 


Co.  Lat.  41    4 


2fn.  Dift.  .  67  42  10 


90  Star's  Dec.  16    5  19 

90 


Polar  Dift.  73  54  41 


Polar  Dift. 
Co.  Lat. 

73  54  41 
41    4    0 

Log.  Co.  Sec.  0,01736 
Log.  Co.  Sec.  0,18248 

Sum 

2)  182  40  SI 

Half  Sum 
Zen.  Dift. 

91  20  25 
67  42  10 

Sine          9,99988 

Remainder 

^3  38  »S 

Sine          9,60309 
Sum        2}  19,80281 

Half  Hour  Angle  ^fio> 

0 

Half  Sum        9,90140 

H.M.S. 

rime   4  57  20 

4  24  14 

Hour  Angle          74  20  =  in  1 
Star's  Right  Afcenfion 

Right  Afcenfion  of  Meridian 
Sun's  Right  Afcenfion 

9  2»  34 
'  33  30 

App.  Time  at  Ship  7  48     4 

Long.  66  W.  in  Time  4  24    o 

App.  Time  at  Greenwich  12  12  4 

Sun's  Right  Afcenfion,  April  14  j  33  30 

Ditto  15  I  37  " 

Daily  Difference  3  41 

Then  fay,  as24H. :  3  M.  41  S. : :  12H.  12M.  48. :  i  M.  52  S. 
which  fubtraded  from  7  H.  48  M.  4  S.  the  apparent  Time  at  Ship 
nearly,  leaves  7  H.  46  M.  12  S.  the  corrrc(A  app.  Time  at  Ship. 

Note, 
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"Note.  This  Method  of  finding  the  Time  is  certain,  could  a 
good  Horizon  be  obtained  in  the  Ni^ht;  but  as  that  is  not  always 
the  Cafe,  it  is  beft  to  regulate  the  Watch  by  the  Sun. 

By  the  above  Method  the  true  Time  is  generally  found  at  Sea, 
though  fome  make  Ufe  of  the  following,  it  being  fomewhat.lhorter. 

When  the  Sua  or  Star's  Declination,  and  Complement  of  Lat. 
are  both  North  or  both  South,  their  Sum*,  but  if  one  be  North  a*ncl 
the  other  South,  their  Difference  is  the  Meridian  Altitude. 

From  the  Natural  Sine  of  the  Sun  or  Star's  Mer.  Alt,  fubtraft  the 
Natural  Sine  of  the  true  Altitude. 

Then  add  together 

The  Log.  Co.  Sec.  of  the  Comp.  of  the  Lat.  1  Reje(3ing  their 
The  Log.  Sec.  of  the  Sun  or  Star's  Decl.  and  J       Indexes. 
The  Log.  of  the  DifF.  of  the  Natural  Sines  into  one  Sum^ 

The  Sum  of  thefe  three  Logarithms,  being  found  in  the  Column 
of  Rifing,  the  Hours,  Minutes  and  Seconds  correfponding  to  it,  will 
be  the  true  Time  from  the  Noon  when  the  Altitude  was  taken.* 

The  four  laft  Examples  may  be  worked  by  the  above  Method. 

*  If  the  Sum  exceeds  90°  fubtraft  it  from  1 80,  and  the  Remainder  wiJI 
■be  the  Meridian  Altitude. 

EXAMPLE      L 

Co.  Lat,        50^   6'N.    Log.  Co.  Secant  0,11511 

Decl.  17  n         Log,  Secant  0,01983 

Mer.  Alt.        67  17         N.  Sine  92243 
True  Alt.        15  54        N.  Sine  27396 

DifF.  of  Nat.  Sines  64847     Its  Log.  4,81189 

In  Col.  of  Rifing  gives  true  Time  5  H.  33'  jo"        4994683 

E    X    A    M    P    L    i;      II. 

Co.  Lat.         38''30'N.    Log.  Co.  Secant  0,20585 

Decl.  655S.     Log.  Secant  0,00317 

Mer.  Alt.       3135        N.  Sine  52374 
True  Alt.       13  41         N.  Sine  23656    - 

DifF.  of  Nat.  Sines  18718    Its  Log.  4,45815 

In  Col.  of  Rifing  gives  true  Time  3H,  50'  30^'        4,66717 

Here  we  find  the  Time  found  by  this  Method  difFers  2  SeconJ^ 
from  that  found  by  the  former,  but  it  may  be  fpund  to  the  nc^reft 
"Second  by  taking  Proportional  Parts. 
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Thus,  the  DifFcrencc  between  the  Log.  of  3  H.  50'  30''  and  3  H, 
51'  is  172,  and  the  Difference  between  the  Log.  of  3H.  50'  30'' 
^J  that  in  the  Calculation  is  15. 

Now  as  :  172  :  20"  : :  15  :  2",  which  being  added  to  3  H.  5q' 
30",  gives  jn*  50'  32",  the  lame  a$  that  found  by  the  former  Me-r 
lliod. 

EXAMPLE     UL 


Co.  Lat. 
Peel. 

&2*'f5'        Co.  Sec. 
5  45        Sec. 

O5O0398 

0,00219 

Mer.  Alt. 
True  Alt. 

76  30        N.  Sine  97237 
28  iQ        N.  Sine  47204 

Diff. 

'      50033    Its  Log.  4^69926 

In  Col.  of 

Rifing  gives  4  H.  2  M. 

4>70543 

EXAMPLE 

IV. 

Co.  Lat. 
Peel, 

41^^   4'    0"        Co.  Sec. 
16     5^  19           Secant 

0,18248 
0,0 173s 

Mer.  Alt. 
True  Alt. 

57     9  19          N.  Sine  84014 
22  17  50          I^.  Sine  37933 

DriF. 

46oS|i 

Its  Log.      4,66346 

In  Col.  of  Rifmg  gives  4H.  57  M.  20  S. 


4,86329 


Having  found  the  Hour  Angle,  proceed  to  find  the  true  Time  by 
the  Stars,  as  has  been  fliewn  in  the  two  laft  Examples,  worked  by 
the  former  Method. 

It  fometimes  happens,  that  for  Want  of  a  Map  of  the  Stars,  or 
a  Celeftial  Globe,  many  ^re  at  a  Lofs  to  know  whether  they  have 
obfervqd  by  the  right  Star  or  not,  as  there  may  fome  other  Stars 
come  to  the  Meridian  nearly  at  the  fame  Time.  But  this  may  be 
eafily  proved,  by  finding  the  Star's  Meridian  Altitude  as  above ;  and 
if  it  nearly  agrees  with  that  on  the  Quadrant,  it  muft  certainly  he  the 
right  Star,  otherwife  not.  The  fame^  may  be  obferved  of  any  of  the 
PlanetSf 

To  know  when  any  Star  comes  to  the  Meridian,  or  what  Star 
will  be  on  the  Meridian  at  any  given  Time,  fee  the  Explanation  fol- 
lowing Table  XIII.  and  for  their  Rifing  and  Setting,  with  that  of 
the  Mogn  and  Planets,  fee  the  DireSions  following  Table  XV.  in 
this  Book. 

Note  1.  If  an  Obfervation  of  the  Sun  has  not  been  taken  t^« 
prec^din^  Noon,  or  two  Altitudes  tp  iin4  the  Latitude,  it  jnay  be 

i^ce?tain«4 
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afcertained  bv  taking  the  Meridian  Altitude  of  the  Star,  either,  before 
6r  after  the  Obfervation  is  made  for  finding  the  Titne. 

Note  2.  If  the  Ship's  Longitude  Eaft  of  Greenwich  in  Time  bfe 
greater  than  the  apparent  Time  at  the  Ship,  the  apparent  Time  muft 
be  increafed  by  24  Hours  before  fubtrafling  the  Longitude  ;  and  iii 
this  Cafe,  the  Sun's  Right  Afcenfion  muft  be  taken  oUt  of  the  £phe« 
tneris  for  the  preceding  Day  of  the  Moiith.  And  if  the  Ship's  Lon- 
gitude Weft  of  Greenwich  in  Time,  added  to  the  .apparent  Time  at 
the  Place  of  the  Ship,  makes  more  than  24  Hours,  24  miift  be  fub- 
traded  from  the  Sum:,  to  obtain  the  apparent  Tim«  at  Greenwich  ; 
and  the  Sun's  Right  Afcenfion  muft  be  taken  out  of  the  Ephemeris 
for  the  fubfequent  Day  of  the  Month.  The  Objeft,  whether  Suii 
er  Star,  Whofe  Altitude  is  taken  for  finding  the  Timcj  muft  be  at 
leaft  three  or  four  Points  of  the  Compafs  diftant'from  the  Meridian; 
becaufe,  when  near  to  the  Meridian,  the  Alteration  in  Altitude  is 
too  flow  for  afccrtaining  the  Time  with  prbper  Exadnefs  :  But  the 
nearer  the  Objeft  is  to  the  Eaft  or  Weft  the  better,  provided  it  be 
not  left  than  6  high ;  for  the  Refrafti'on  is  fo  vafiable  and  irregular 
near  to  the  Horizon,  that  the  LfkcS:  of  Refracftion  upon  Objeite 
cannot  be  determined  with  fufficient  Accuracy^  wherl  their  Altitudes 
are  lefs  than  6  Degrees. 


Of  finding  the  Longitude  at  Sea. 

TVyl'ANY  Methods  for  finding  the  Longitude  at  Sea  by  celeftial 
^^^  Obfervations  have  been  propofed,  and  fome  of  them  fuccefsfuJly 
pra6^ifed  on  Land  j  but  none  have  been  found  fo  convenient  at  Sea 
as  that  of  obferving  the  Moon's  Diftance  from  the  Sun  or  a  fixed 
Star  J  both  on  Account  oi  the  Shortnefs  of  the  Moon's  periodical 
Revolution,  and  confequently  her  quick  Progrefs  in  her  Orbit ;,  and 
alfo  on  Account  of  her  being  almoft  conftantly  confpicuous^  and 
thereby  capable  of  being  obferved* 

The  great  Difficulty  lies  in  reducing  the  Obfervations  of  th^ 
Heavenly  Bodies  made  on  the  Surface  of  the  terraqueous  Globet 
to  fimilar  Obfervations  made  from  its  Centre,  which,  is  the  pnly 
Place  where  they  can  appear  in  their  true  Situation;  The  pHncipil 
Difficulty  which  we  have  to  furmount  in  the  Calculation  is  the 
making  of  proper  Allowances  for  the  Refra£lion  of  the  Atmofphere^ 
which  makes  all  Objects  appear  higher  thaii  they  really  are,  and  for 
their  Parallaxes,  particularly  that  of  the  Moooj  which  makes  her 
appear  lower  than  fhe  is ;  confequently  our  Obfervations  of  all  the 
Heavenly  Bodies^  made  on  the  Surface  of  the  Earth  or  Sea^  Will  be 
affected  by  the  Refradion  j  and  the  Sun  and  Moon  will  be  zSfe&,ed 
by  their  feveral  Parallaxes,  unlefs  when  they  are  in  the  Zenith,  the 
nearer  they  are  to  the  Horizon^  the  greater  will  the  Parallax  be  J 
Vecaufe  the  vifual  Ray  will  pafs  through  a  greater  Portion  of  the 
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Earth's  Atmofpherc,  and  the  Objedt  will  be  fituaied  more  obliquely 
to  the  refle£ling  Surface. 

Now  as  Refraiftion  elevates  all  the  celeftial  Objefts  above  their 
true  Altitude,  fo  Parallax  deprefles  them  below  it ;  more  efpecially 
the  Moon,  owing  to  her  Proximity  to  the  Earth,  The  Sun,  whofe 
Parallax  is  lefs  than  his  Refradtion,  muft  always  appear  higher  than 
ke  is  J  but  the  Moon,  by  her  Parallax  being  greater  than  her  Rc- 
iraftion,  muft  always  appear  lower  than  fhe  is.  The  fixed  Stars 
having  no  vifible  Parallax,  and  being  afFcfted  by  their  Refraftioii 
only,  muft  always  appear  higher  than  they  are  obfef^ed;  confe- 
quently  not  only  the  obferved  Altitudes,  but  alfo  the  Diftance  of 
celtftial  Objcdts  will  fometimes  be  much  greater,  and  at  other 
Times  much  lefs  than  their  true  Diftance,  when  compared  with 
correfponding  Obfervations  from  the  Earth's  Centre. 

The  Reward  held  out  by  Government  for  the  determining  of  the 
Longitude  has  induced  many  to  attempt  it,  efpecially  in  the  mecha- 
nical Line,  and  though  many  of  them  have  been  vifionary,  whimfical 
Men,  totally  unacquainted  with  the  Difficulties  attending  fuch  a 
Difcovery,  yet  fome,  particularly  Mr.  Harrifon,  and  after  him 
others  upon  fimilax  Principles,  have  produced  Watches  or  Time- 
Keepers,  that,  could  they  be  depended  upon  in  all  Situations,  and 
all  Temperatures  of  the  Atmofphere,  would  doubtlefs  afcertain  the 
Lorigififde  of  Places.  For  by  that  Mode,  nothing  more  is  wanted 
than  to  find  the  apparent  Time  at  the  Ship,  and  to  correfl:  it  by  tho 
Equation  of  Time  j  the  Difference  of  this  Time  fo  corrected,  and 
that  given  by  the  Watch,  turned  into  Longitude,  will  be  the  Difte- 
-ircnce  of  Longitude  between  the  Ship's  Meridian  and  that  Meridiarv 
which,  the  Watch  was  fet  to.  But  as  Watches,  though  made  upon 
the  beft  Conftruftion,  are  fubje<St  to  fome  internal  Irregularities,  and 
apt  to  be  ©therwife  alFedted  by  Heat  and  Cold,  the  Mariner  may 
Well  be  anxious  to  determine  his  Longitude  at  Sea  by  celeftial  Ob- 
fervations: 

-  To  fliorten  the  Operations,  and  to  Icflen  the  Difficulties  neccC- 
farily  attending  the  Solution  of  this  important  Problem,  the  Conv- 
m'iffioners  of  Longitude  have  caufed  to  be  publifhed  annually  a  Nau- 
tical Almanack,  or  Ephemeris,  containing  every  Thing  that  can 
Well  be  done  to  render  the  Calculations,  in  finding  the  Longitude  at 
Sea  by  celeftial  Obfervatiom,  eafy  to  any  common  Underftanding. 

•  To  find  out  eafy  Rules  for  reducing  the  obferved  Diftarxe  of  the 
celeftial  Bodies  to  the  true  Diftance,  has  employed  the  Attention  of 
Aftfonomers  for  feveral  Years,  in  order  to  fliorten  the  Calculations. 
Some  hare  invented  Inftruments,  others  Lineal  Tables;  and  al-* 
though  they  can  be  looked  upon  only  as  Approximations,  they  flaev 
the  Induftry  and  Ingenuity  of  their  feveral  Inventors. 

-  But  whatever  Methods  are  taken  to  reduce  the  obferved  to  the 
true  Diftance,  -tl>e  neceflary  Preparations  refpeSing  the  Dip  of  the 
Horizon,  Refradlion,  Semrdiameters  and  Parallax,  muft  firft  be 
saade)  in  order  to  reduce  the  obferved  Altitudes  and  Diftance  (o  the 
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apparent ;   after  this  Part  of  the  Bufinefs  is  performed,  the  Tim« 
laved  by  fuch  Inftruments  and  Tables  will  be  very  inconiiderablc. 

It  is  not  thought  neceffary  here  to  inveftigate  the  Principles  from 
which  the  feveral  Rules  for  reducing -the  Diitances  are  deduced,  be* 
caufe  f«ch  a  Procedure  would  be  inconfident  with  the  Plan.  It  will 
be  fufficient  for  the  prefent  to  fele<ft  two  Rules,  which  feem  beft 
calculated  to  reduce  the  Diftance  at  Sea ;  and  to  fimplify  thofe  Rules, 
and  render  them  eafy  to  Perfons  of  common  Capacity.  No  other 
Tables  are  required  in  the  Procefs  but  thofe  which  are  contained  ia 
this  Boole,  and  in  the  Nautical  Almanack. 

To  take  the  Obfrrvations  neceffary  for  finding  the  Longi- 
tude at  Sea. 

The  capital  Obfervation  for  this  Purpofe  is,  that  of  the  Diftance 
of  the  Moon  from  the  Sun,  or  from  fome  remarkable  Star  near  to 
the  Zodiac.  In  order  to  make  fuch  Obfervations,  the  Obferver  muft 
be  furniftied  with  a  Watch  that  can  be  depended  upon  for  keeping 
Time,  within  a  Minute,  for  fix  Hours  ;  and  with  a  good  Hadley's' 
Quadrant,  or  rather  Sextant,  which  is  preferable  to  a  Quadraot.  1  he 
Inrtrument  will  ftill  be  more  fit  for  the  Purpofe  if  it  be  furniftied 
with  a  Screw,  to  move  the  Index  gradually  and  fteadily ;  alfo  an  addi- 
tional dark  Glafs,  ijghter  than  the  cOaimon  Screen's,  to  take  off  the 
Glare  of  the  Moon's  Light,  in  obferving  her  Diftance  from  a  fixed 
Star;  and  a  fmall  Telefcope,  magnifying  three  or  four  Times,  to 
render  the  Conta6l  of  the  Star  with  the  Moon's  Limb  more  difcern* 
able  :  A  magnifying  Glafs  of  i  |  or  2  Inches  Focus  will  aflift  the 
Obferver  to  read  off  his  Qbfervations  with  greater  Eafe  and  Cer- 
tainty. 

The  Obferver  muft,  in  the  firft  Place,  examine  his  Inftrument  with 
the  greateft  Care,  and  adjuft  it  with  the  utmoft  Exaflnefs  ;  which 
done,  let  him  proceed  to  his  Obfervations  as  follows  : 

If  the  Diftance  of  the  Moon  from  the  Sun  is  to  be  obferved,  turn 
down  one  of  the  Screens,  look  at  the  A'loon  dirertly  through  <he 
tranfparent  Part  of  the  Horizon- glafs,  and,  keeping  her  tJiere,  gently 
move  the  Index  till  the  Sun's  Image  is  brought  into  the  lilvered  Part 
of  that  Glafs  ;  bring  the  neareft  Limbs  of  both  Objects  into  Contadt^ 
and  let  the  Quadrant  librate  a  little  on  the  Lunar  Ray,  whereby  th^ 
Sun  will  appear  to  rife  and  fall  by  the  Side  of  the  Moon  :  in  this 
Motion  the  neareft  Limbs  muft  be  made  to  touch  one  another  ex- 
actly, by  moving  the  Index.  When  this  is  eftedted,  the  Obfervatiou 
is  made  ;  and  the  Divifion  coinciding  with  that  on  tne  Vernier  Scale, 
will  ftiew.the  Diftance  of  the  neareft  Linribs  of  the  Objeds. 

If  the  Diftance  of  the  Moon  from  a  Star  is  to  be  oblerved,  when 
the  Moon  is  very  bright,  turn  down  the  lighteft  Screen,  ©r  ufe  a 
dark  Glafs,  lighter  than  the  Screen?,  and  dcfigned  for  this  particular 
Puipofe;  look  at  the  Stat  directly  through  the  tranfparent  Part  of 
th«  Horiion^glafs,  and,  keeping  it  thcrcj  move  the  Index  till  the 
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Moon's  Image  is  brought  into  the  filvered  Part  of  the  fame  Glafs  j 
niake  the  Quadrant  librate  gently  on  the  Star's  Ray^  and  the  Moon 
will  appear  lO  rife  and  fall  by  the  Star ;  move  the  Index,  between 
the  Librations,  until  the  Moon's  enlightened  Limb  is  exactly  touched 
by  the  Star,  then  the  Obfervation  is  properly  made. 
.  The  Quadrant  is  to  be  held  the  fame  as  for  a  fore  Obfervation,  and 
its  Plane  muft  always  be  made  to  pafs  through  the  two  Objects,  whofe 
Diftancc  is  to  be  obferved  j  for  that  Pwrpofe  it  muft  be  put  into  va- 
rious Pofitions,  according  to  the  Situation  of  the  Objects,  which 
will  foon  be  rendered  eafy  by  Praftice. 

At  the  very  Inftant,  or^t  moft  within  a  few  Seconds  of  the  Time 
»t  which  the  Obferver  gives  Notice  of  completing  his  Obfervation, 
fomebody  muft  obferve  the  Hour,  Minute,  and  C^uarter  Minute  (if 
there  be  no  Second  H^nd)  by  the  Watch  ufed  for  finding  the  ap- 
parent Time ;  and  at  the  fame  Inftant  of  thp  Obferver's  giving  the 
aforefaid  Notice,  or  as  near  to  that  Time  as  poftlble,  two  Aftiftants 
muft  take  the  Altitudes  of  thofc  Objedts  whpfe  Diftance  is  obierved  ; 
all  which  being  done,  the  Obfer  vat  ions  necClTary  for  afcertaining  the 
Longitude  are  completed. 

In  the  Ephemeris  is  found,  the  Moon's  Diftance  from  the  Sun> 
and  alfo  from  proper  Stars,  to  every  Three  Hours  of  apparent  Time, 
for  the  Meridian  of  Greenwich  ;  and  to  afford  the  Mariner  a  greater 
Number  of  Opp/^rtunities  for  Obferving,  and  Means  of  attaining  a 
greater  Degree  of  Exaclnefs,  her  Diftance  is  generally  fet  dcwR 
from  at  leaft  one  Object  on  each  Side  of  her.  Her  Diftancc  from  the 
'Sun  is  found  fet  down,  while  it  is  between  40°  and  1 2^  j  fo  that  by 
ufmg  a  Sextant,  it  may  be  obferved  for  two  or  three  Days  afuT  her 
firft,  and  he/ore  her  laft  Quarter ;  v/hile  ftie  is  between  io°  and  40^ 
from  the  Sun,  her  Diftance  is  fet  down  only  from  a  Star  on  the  con- 
trary Side  to  the  Sun ;  while  ftie  is  between  40°  and  90°  from  the. 
Sun,  het  Diftancc  is  fet  down  both  from  the  Sun  and  from  a  Star  on 
the  contrary  Side  to  the  Sua;  when  Cie  is  between  90°  and  120^ 
from  the  Sun,  her  Diftance  is  fet  down  both  from  the  Sun,  and  a 
Star  on  the  fame  Side  with  the  Sun,  and  alfo  from  a  Star  on  the 
contrary  Side  to  the  Sun.  Laftly,  when  flie  is, above  120°  from  the 
Sun,  her  Diftance  is  fet  down  from  two  Stars,  one  on  each  Side  of 
her.  Her  Diftance  from  Objects  on  the  laft  of  her  is  found  in  the 
Kphemeris,  in  the  8th  or  9th  Pages  of  the  Month  j  and  her  Diftance 
from  Qbjeds  on  the  Weft  of  her  is  found  in  the  10th  and  nth  Pages 
of  the  Month. 

An  Obferver  who  ufes  the  Ephemeris,  muft  obferve  the  Moon's 
Diftance  from  fome  of  thofe  Stars  only,  whofe  Diftance  from  her  is 
fet  down  in  the  Ephemeris,  and  the  Diftances  there  fet  down  afford 
him  a  ready  Means  of  knowing  the  Star  from  which  her  Diftanc6 
ought  to  be  obferveij  ;  for  he  has  nothing  lo  do  but  to  fet  his  Index 
to  the  Diftance  computed  roughly  at  the  apparent  Time,  eft i mated 
nearly  for  the  Meridian  of  Greenwich,  and  look  to  the  Eaft  or  Weft: 
Qt  the  Moon,  according  as  the  DifUnce  of  that  St^ir  is  foHjid  in  the 
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8th  or  gth,  or  in  the  loth  or  nth  Pages  of  the  Month,  and  having 
found  the  Moon  upon  the  Horizon  Glafs,  he  will,  by  fvveeping  wirti 
his  Quadrant  to  the  Right  or  left,  certainly  find  the  Star  he  wants, 
if  it  be  above  the  Horizon  and  the  Air  clear,  in  a  Line  nearly  per- 
pendicular to  that  joining  the  Moon's  Horns,  or,  which  is  the  fame, 
in  the  Line  of  the  Moon's  fhorteft  Axis  produced. 

The  Time  at  Greenwich  is  eftimated  nearly  by  turning  the  Ship's 
fuppofed  Longitude  from  Greenwich  into  Time,  and  adding  it  toj 
or  lubtrafting  it  from  the  apparent  Time  at  the  Ship,  according  as 
the  Ship  is  £aft  or  Weft  of  Greenwich,  and  the  Diflancc  of  the 
Moon  from  the  Sun  or  a  Star  at  this  Tinfe  is  found  roughly  by  fay- 
ing, as  i8a'-(the  Minutes  in  3  Hours)  is  to  the  Difference  in  Mi- 
nutes, between  this  nearly  eftimated  Time  and  the  next  preceding 
Time  fet  down  in  the  Ephemeris,  fo  is  the  Difference  in,  Minutes 
between  the  Diftances  in  the  Ephemeris  for  the  next  preceding  and 
next  following  Times,  to  a  Number  of  Minutes,  which  being  added 
to,  or  'fubtradted  from  the  faid  next  preceding  Diftance,  according 
as  it  is  increafing  or  decreafing,  will  give  the  Diftance  nearly  at  the 
Time  the  Obfervation  is  intended  to  be  made,  and  to  which  the  In- 
dex of  the  Quadrant  or  Sextant  m.uft  be  fet. 

'Note.  The  taking  of  the  Angular  Diftance  may  be  rendered 
more  eafy  and  accurate  by  bringing;  the  Objefts  nearly  into  Conta^l: 
in  the  common  Way,  and  then  fixing  the  Index  tight  to  a  certain 
Degree  and  Minute,  and  waiting  until  the  Objects  are  nearly  in 
Contact,  giving  Notice  to  the  Afliftants  to  get  ready  with  the  Alti- 
tudes, and  when  the  ObjecEts  are  exacStly  in  Contact,  to  call  for  the 
Altitudes  and  the  precife  Time  by  the  Watch.  The  Obferver  may 
then  prepare  for  taking  another  Diftance,  by  fetting  his  Index  three 
or  four  Minutes  forwards  or  backwards,  according  as  the  ObjeQs 
are  receding  from,  or  approaching  to  each  other  5  and  then  proceed 
to  take  the  Diftance,  the  Altitudes,  and  the  Time  by  the  Watch,  as 
before  5  thus  may  as  many  Diftances  be  taken  as  the  Obferver  thinks 
proper  ;  but  four,  at  the  Diftance  of  three  Minutes,  or  three,  at  the 
Difiance  of  four  Minutes  upon  the  Inftrument,  will  at  all  Times  be 
fufficient.  This  Mode  of  taking  the  Diftance  will  not  only  eafe  the 
Eye  of  the  Obferver,  but  alfo  enable  him  to  manage  his  Inftrument 
with  much  greater  Facility  in  every  Direction,  a  vertical  one  only 
excepted.  If,  in  taking  the  Diftances,  the  middle  one  can  be  taken 
^  at  any  even  Divifion  on  the  Arch,  fuch  as  a  Degree,  or  a  Degree 
20  or  40  Minutes,  that  Diftance  will  be  independent  of  the  Nonius 
Divifion,  and  confequently  free  of  thofe  Errors  which  frequently 
arife  from  the  Inequality  of  that  Divifion  in  feveral  Partsof  the  gra- 
duated Arch.  If  the  Obfervation  be  made,  as  it  always  ought  t» 
be,  at 'the  Diftance  of  two  Hours  before  or  after  Noon,  the  true 
Time  may  be  found  by  the  Altitude  of  the  Sun  taken  at  the  precife 
Time  of  the  Diftance ;  if  three  Diftances  are  taken,  find  the  Time 
by  the  Altitude  correfponding  with  the  middle  Diftance.  Thiis  will 
any  Irregularity  in  the  going  of  the  Watch  be  prevented  from  af-^ 
feaing  the  Refult  of  the  Obfervationt 
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As  the  Time  found  by  the  Altitude  of  a  Star  cannot  be  depended 
on,  becaufe  of  the  Uncertainty  of  the-  Horizon  in  the  Night,  the 
beft  Way  of  determining  the  Time  for  a  Night  Obrervatio|/i  will  be 
by  two  Altitudes  of  the  Sun,  one  taketi  on  the  preceding  A^ernoon, 
before  he  is  within  fix  Degrees  of  the  Horizon,  ^nd  the  other  on 
the  next  Morning,  when  he  is  ipore  than  fix  Degrees  high.  The 
proper  Ufe- of  the  foregoing  Directions  will  greatly  depend  on  the 
Atn^ofphere's  being  pretty  free  from  Clouds  at  the  Tim^j  of  taking 
the  feveral  Diftances,  for  otherwife  the  Obferver  muft  take  the  Dif- 
tances  at  fuch  Times  as  he  can  beft  obtain  them. 

To  reduce  the  obferved  Diftance  of  the  Sun  or  a  Star  from 
the  Moon-to  the  true  Plftance. 

The  neceffary  Preparations. 

Turn  the  Longitude  into  Time,  and  add  it  to  the  Time  at  the 
Ship,  if  it  be  Weft,  but  fubtrad  it  if  E^ft ;  and  that  will  give  the 
fuppofed  Time  at  Greenwich,  which  call  reduced  Time* 

In  Page  the  7th  of  the  Mopth  in  rhe  Ephemeris  find  the  neareft 
Koon  or  Midnight,  both  before  and  after  the  reduced  Time, 

Take  out  the  Moon's  Semidiameter  and  Horizontal  Parallaxes 
correfponding  to  thefe  Noons  and  Midnights,  and  find  their  Diffe- 
l-ences.  Then  fay,  as  12  Hours  is  to  the  Difference  of  the  Moon's 
Semidiameter  in  12  Hours,  fo  is  the  reduced  Time  to  a  Number  of 
Seconds,  which  either  add  to,  or  fubtra6t  from  the  Moon's  Semi-r 
diameter  at  the  Noon  or  Midnight  before  the  reduced  Time,  ac^ 
cording  as  it  is  increafing  or  decreafing,  which  will  give  her  appa-> 
rent  Semidiameter  j  to  which  add  the  Corre<Stion  from  Table  VIII. 
and  the  Sum  will  be  her  true  Semidiameter  at  the  reduced  *Time. 

And  as  12  Hours  is  to  the  Difference  of  the  Moon's  Horizontal 
Parallax  in  12  Hours,  fo  is  the  reduced  Time  to  a  fourth  Number, 
which  being  added  to  or  fubtradled  from  the  Moon's  Horizontal  Pa- 
rallax at  the  Noon  or  Midnight  before  the  reduced  Time,  according 
9S  it  is  increafing  or  decreafing,  the  Sum  or  Difference  will  be  the 
Moon's  Horizontal  Parallax  at  the  reduced  Time. 

If  the  reduced  Time  be  nearly  any  even  Part  of  i^  Hours^  viz, 
^  i>  -fi  h  ij  &c.  fuch  Parts  of  the  Differences  may  be  taken, 
;ind  either"  added  or  fubtra£led  as  above  directed,  without  being  a^ 
the  Trouble  of  working  by  the  Rule  of  Three. 

To  the  obferved  Altitude  of  the  Sun's  lower  Limb,  add  the  Dif- 
ference between  his  Semidiameter  and  Dip ;  and  that  Sum  will  be 
))is  apparent  Altitude.  From  the  Sun's  Refradlion  take  his  Parallax 
in  Altitude,  and  the  K^emainder  will  be  the  Corredion  of  the  Sun'si 
Altitude. 

From  the  Star's  obferved  Altitude  take  the  Dip  of  the  Horizon,  the 
iP^emainder  will  be  the  apparent  Altitude.  The  Rcfradlion  of  a  Stai^ 
"Will  be  the  Correction  of  its  Altitvid^. 

TakQ 
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.  Take  the  Difference  between  the  Moon*s  Semidiameter  and  Dip^ 
and  add  it  to  the  oblbrved  Altitude,  if  her  lower  Limb  was  taken  ; 
or  fubtraft  it,  if  her  uppef  Limb  was  taken  ;  and  the  Sum  or  Diffe- 
rence will  be  the  apparent  Altitude  of  her  Centre, 

From  the  Proportional  Logarithm  of  the  Moon's  horizontal  Pa- 
rallax taken  out  of  the  Nautical  Almanack  (increafing  its  Index 
by  10)  take  the  Log.  Co-fine  of  the  Moon's  apparent  Altitude; 
the  Remainder  will  be  the  Proportional  Log.  of  her  Parallax  in  Al- 
titude :  From  which  take  her  Refradion,  and  the  Remainder  will  be 
the  Correction  of  the  Moon's  Altitude.  To  the  obferved  Diftance 
of  the  Moon  from  a  Star,  add  the  Moon's  Semidiameter  if  her 
neareft  Limb  was  taken,  but  fubtra<9:  it  if  the  fartheft  Limb  was 
taken  ;  the  Sum  or  Difference  will  be  the  apparent  Diftance. 

But  to  the  obferved  Diftance  of  the  Sun  and  Moon  add  both  their 
Semidiameters,  and  the  Sum  will  be  the  apparent  Diftance  of  their 
Centres. 

Having  the  apparent  Altitudes  of  the  Objefts  with  their  ap- 
parent Diftance,  to  find  their  true  Diftance. 

Firft.  To  the  Proportional  Logarithm  of  the  Correftion  of  Sun 
61  Star's  Altitude,  add 

,The  Log.  Co-fine  of  Sun  or  Star's  apparent  Altitude, 

The  Log.  Sine  of  the  apparent  Dift.  of  the  Moon  from  the  Sun 
or  Star,  and 

The  Log.  Co-fecant  of  the  Moon's  apparent  Altitude. 

Their  Sum,  rejccling  30  from  the  Index,  will  be  the  Proportional 
Log.  of  the  firft  Angle. 

Secondly.  To  the  Proportional  Log.  of  the  Correftion  of  the 
Sun  or  Star's  Altitude,  add 

The  Log.  Co-Tangent  of  the  Sun  or  Star's  apparent  Alt.  and 

The  Log.  Tangent  of  the  apparent  Dift.  of  the  Moon  from  the 
Sun  or  Star. 

Their  Sum,  rcjefting  20  in  the  Index,  will  be  the  Proportional 
Log.  of  the  fecond  Angle. 

'Fhirdly.  Take  the  Difference  between  the  firft  and  'fecond  An- 
gles, and  add  it  to  the  apparent  Diftance,  if  it  be  Icfs  than  90,  and 
the  firft  Angle  be  greater  tiian  the  fecond  ;  but  fubtracl  it  if  the 
fecond  be  greater  than  the  firft  :  But  if  the  Diftance  be  n>ore  than 
90,  the  Sum  of  the  Angles  muft  be  added  to  the  apparent  Diftance, 
which  will  give  the  Diftance  corrected  for  the  Refradion  of  the  Sun 
or  Star. 

Fourthly.  To  the  Proportional  Log,  of  the  Corrc£lion  of  the 
Moon's  Altitude,  add 

The  Log.  Co-fine  of  the  Moon's  apparent  Altitude, 

The  Log.  Sine  of  the  Dift.  correded  for  the  Sun  or  Star's  Re* 
fradion,  and 

The  Log.  Co-fecant  of  the  Sun  or  Star's  apparent^Altitude. 

Their  Sum,  rejeding  30  in  the  Index,  will  be  the  Proportional 
Leg.  of  the  third  Angle. 
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Fifthly.  To  the  Proportional  Log,  of  the  Correction  6f  the 
Moon's  apparent  Altitude  add 

The  Log.  Co-Tang,  of  the  Moon's  apparent  Altitude^  and 

The  Tangent  of  the  Diftance  correded  for  the  Sun  or  Star's 
Refraftion. 

Their  ^um,  rejefting  20  in  the  Index,  will  be  the  Proportional 
Log.  of  the  fourth  Angle. 

Sixthly.    Take  the  13ifFercnce  between  the  third  and  fourth  An* 

K^  s,  and  fubtraft  it  from  the  Dift.  corrcfted  For  the  Sun  or  Star's 
fradion,  if  lefs  than  90,  and  the  third  Angle  be  greater  than  the 
fourth ;  or  add  it  to  the  Difiance,  if  the  fourth  Angle  be  greater 
than  the  third  :  But  if  the  Diftance  be  more  than  90,  the  Sum  of 
the  Angles  muft  be  fubtraded  from  it,  to  give  the  Didance  cor- 
redted  for  the  Sun  or  Star's  Refradlion,  and  the  principal  Effedts  of 
the  Moon's  Parallax. 

In  Table  XX.  look  for  the  Diftance  correfled  for  the  Sun  or 
Star's  Refraftion,  and  the  Moon's  Parallax  in  the  Top  Column,  and 
the  Corredlion  of  the  Moon's  Altitude  in  the  Left-hand  Side  Co-^ 
lumn  ;  take  out  the  Number  of  Seconds  that  (land  under  the  former 
and  oppofite  the  latter. 

Look  again  in  the  fame  Table  for  the  correfled  Diftance  in  the 
Top  Column,  and  the  principal  Eflcsfts  of  the  Moon's  Parallax  in  the 
Left-hand  Side  Column,  and  take  out  the  Number  of  Seconds. 

The  Difference  between  thefe  two  Numbers  muft  be  added  to  tho 
correfted  Diftance,  if  lefs  than  90',  but  fubtrafted  from  it  if  oiorQ 
than  go**  j  the  Sum  or  Difference  will  be  the  true  Diftance. 

Having  the  true  Diftance,  to  dcternninc  the  Longitude. 

In  the  Ephemeris,  among  the  Diftances  of  the  Obje^s  look  for 
the  computed  Diftance  between  the  Moon  and  the  other  Objedl  ob- 
ferved  on  the  given  Day ;  if  it  is  found  there,  the  Time  at  Green* 
wich  will  be  at  the  Top  of  the  Column  ;  but  if  it  falls  between  two 
Diftances  in  the  Ephemeris,  as  it  generally  will,  take  the  Difference 
between  the  Diftances  in  the  Ephemeris  which  ftand  immediately 
before  and  after  it  5  and  alfo  the  Difference  between  the  Diftance 
Handing  before,  and  the  computed  Diftance :  Then  take  the  Pro- 
portional Logarithms  of  the  firft  and  fecond  Differences,  and  the 
Difference  between  thefe  two  Logarithms  will  be  the  Proportional 
Logarithm  of  a  Number  of  Hours,  Minutes  and  Seconds,  wHich 
being  added  to  the  Time  ftanding  over  the  firft  Diftance,  will  give 
the  true  Time  at  Greenwich.  Or  it  may  be  found  by  faying,  as  th#, 
lirft  Difference  is  to  three  Hours,  fo  is  the  fecond  Dift'erenco  to  a 
proportional  Part  of  Time,  which  being  added  as  above  direfted  will 
give  the  Time  at  Greenwich ;  The  Difference  between  Greenwich 
Time  and  that  at  the  Ship,  turned  into  Longitude,  will  be  the  Lon- 

fitude  in  at  the  Time  the  Obfervations  were  made ;  which  will  b.Q 
iftft  if  the^Time  at  the  Ship  is  grea^^ft,  \^\it  if  lefs  it  will  be  Weft. 
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EXAMPLE      I. 

!^ttppofe.  on  Jan t  30,  1796,  In  Long.  10^46'E.  by  Account>  at  xob.  15' P*  M.  pet* 
>Vatch,  the  Diilance  of  the  Moon^s  farnieft  Limb  from  the  Sur  Regulus  Was  63^  50'  «o'» 
>vhen  the  Alt.  of  the  Moon's  lower  Limb  Was  »4*  1?*  40",  and  the  Star's  45*  13' J,  xh$ 
Eye  being  18  Feet  above  the  Surface  of  the  Sea :  Required  the  true  Longitude  i 

H.  Mw  S. 
Time  per  Watch       10  1$  00    Moon's  Semid.  at  Noon  1 5'    l^'    Hor.  Par.     •    5$' h'' 
Long.  10^  46' in  Tl.  o  40     3     Ditto  at  Midnight  14  59      Hot.  Paf .         54^9 

Reduced  Tinre  9*34  57    Diff.  in  fi  Hours  4      Difl^  in  x*  Ifo^rn  15 

Moon's  Alt.  14  18  40        As  J2  :  4"  :  J  9  :  3"  ahd  is  i4  t  15*' :  :  9  :  li"  the  P.  Ptaih 
Sem.  ^S'  f'la  li     A    ^**8Semid.atK.  tf  3     Hor.  Par.  at  Noon  55  14 

Dip     4  3    J  ^  "— — 

— .^__    Dittoatred.  T.  15    b    Dittoalrcd.  Time  55    2  P.  1.10,5146 
App.  Alt*     242944    Augnientatioo  7    M'l  ap.  Alt.  24^29' 44'' L.CoH  9,9599 

Moon's  true  Seaidiameter  15    7  MoonS  Par.  in  Alt.  56^   $'*      o«555^ 

Star's  Obf.  Alt.  45^1315  Icon's  ](lefraaion       2     4 

Dip  4    3  ^ 

»■«     >  Cor.  of  Moon's  Alt.  48      X 

Star's  App.  Altitude  45     912  Obferved  Diftance  6^^5t>'20^. 

Star's  Reita^ion  57^^  is  Its  Cortt^iOA.  Mopn's  Semidiametet  015    7 


Ap^.  Dlft.  of  Moon  and  St^  63  %$  $% 

To  £od  the  Diftance* 

Cor.  of  Star's  Alt.  57"  Pr.  Log.      2,2775  P.  L.  ft*4t7^ 

iSur's  app.  Alt.      45*  9'    o    Log.  Cof.     9,84^3  Co-unf .         9i$?72 

App.  Diil.  ^3  35     o    Logv  Sine    999521  Tang.  tc^^o^S 

Moon's  app.  Alt.   2430    o    Lb  Cp-fec.  10,3422  -- — i      #. 

r.  AcjeA  20  ±d  Cor.  29"  P.L»3t2,5790i' 

Rejca  30  ift  Cor*  37  i±  P»  U»  2,4601  ift  Cor.  37 

II       ■  "f      \ 
Diffv  I  ft  and  Id  Cdr»  t 

App.  Dift*  63  35x3 

«.        1.1 
Di  ft  ante  corrected  ^or  Star*i  Acfra^ioii  65  35  2t 

Cok:.  of  Moon's  All.     48     1       Pr.  Log.     6,5^3^  '     P.  L.  *>*S>S> 

^Coon's  Aitk  24  30    o       Log.  Cof.  999590  Log.  Co-tanjg.     lb,34i| 

Cor.  Dift-.  '  ^3  35     o      Log^  Cof.  9,952!  Log.  Tang>         ^^>$oti< 

Star's  Ait.  45     90      Co-fee.     xo,i493  '     ■* 

*  Aej^a  40  4th  Cpr.^0*  52*^  P.L.  it^t^tk 

Rcjeft  3ori3d  Cor.     4147       P.  Ljzr    ^6343  3d  Cor.  4147 

Princ»alfcffea-ofJfcloon*s  Parallax      30  55 
Correaed  Diftante  '^3  35  »* 

6or.  Tab.  XX.  give*  ~9  ■      -.ift 

Second  in  ditto  gives  4  Dift.  cor.  for  princ.  £^e£t 

»-         of  Rcfr.  and  Par.       63     4  26 
'    \  5  Difference  to  be  added  5 


True  Diftance  [  63     4  31 

fiytheEpHenWr'fi,     tit  Dift.  tt9!j.  ^^49' 15''      Diftiat9h.  62  49  X^  • 

Jan.  ^6,  17961       Ditto  at  i2         64  19  56  •  *vn 

^        iftDiff.  o  15  i6I^.L.  i,Q?ii 

t  Jo  41        Id  Diff»  1  30  41  P.L.  0,2977 

H.  M.  6*  ■    ■> 
Tim*  rtandirig  orcr  tit  Dift.  900  'tJiff.  of  T«  betw.  Sh.  swd  Or.     30  s8  P.  U  Offj^t 
iDiff.  of  Time                             30  jS 

9  30  rt  Kow  44'  41"  turned  into  tong;  ^vej  fjo  .jo'  |# 

Tfraf  at  Ship                        16  1 5     d  and  it  is  Eaft  bccaufc  the  Time  at  the  Ship  it  oiofi 

■  than  that  at  Oitenwkh« 

JHff.  of  T«  bet\^'.  Sh.  and  Cr*    44  42 


^ 


METHOD   ©IT    FINDING 

E    X    A    M    P    t    E      IV. 


.  SoppefeftShtp  at  Sea  in  Long.  450  Weft  by  Ace.  on  June  I3»  1796,  tt  ;H.  1J*  zo^ 
P.  M*  the  foUovnng  Obfervations  were  taken  when  the  Eye  was  21  Feet  above  the  Sca»' 
and  the  Cone^ons  of  fevcral  Quadrants  as  underneath^ 

H.  M.  S. 

300 

6  17  20 
15' iS"  Hor.  Par.  56     9 
IS  13     Hor.  Par,  55  49 

5     DIff.  in  12  H.  20 
15'  i5i" 

2 


AiU  Sun's  lower 
Limb. 

Alt.  ofM's 
upper  Limb 

Diit.ot'Sup 
and  Mooh. 

D.  M.  S. 

45  54  .0 
45  45'  0 
4^  iS  45 

44  4*  30 

D.  M.  S. 
13  32     0 

19  5*    0 

20  5    0 
»o  17  30 
20  34    0 

D.  M.  S. 

106  16  45 
ip6  17  45 
106  18  30 
106  i:»  45 
106  19  15 

5)226  s^'ii 

100  20  30 

531  31    0 

8«ean45^2     3 
Er.  Quad.  ~  48 

20    4    C 
—    10 

106  18  12 

—    *  37 

.      45  ^05 
Dip    —    4  22 

20    ^    6 

4   22 

io6  15  5^ 

4*5  I?  ~  53* '19  ^^  AA 

106  15  -^s 

Tima  at  Ship 
Long.  45^  in  Time 

Reduced  Time 
Moon*s  Sem.  Noon 
Ditto  Midnight 

Diff.  in  12  Hours 
Moon's  Semid. 
FS-oportional  Part 


Augmentation 

Mow^'Sl  Sertidjagietcf 
Moon's  obferved  Alt* 


Mooh*s  apparent  Alt.  19  43  2% 

M*s  Hor.  Pal-.  Noon  56*9^* 
ObT.  Dift.of  Sunand  Moon  106^15'  35'/  Prop.  Part  10 


Sum- Semid.  Sun  sind  Moon 


fi    -9 


Ditto  at  red.  Tinae     55  59  Pro.  Log.     lo^jdf  t . 
i|Rk  XX^  of  thtb  Centres  106  46  44    Moon*s  ap.  Alt.  19  43  22  Co-fine  9>S|.737' 


PandlaX' in  Alt. 
Kefradion 

Cor*  Moon's  Ak. 


52  42  Pro.  Log.  ^^5 

2  39 
-— ; —  Ref.  Sun's  Alt.^57> 
50     3  Parallax  y' 


Sun's  Alt.  ^         45  16  53  Cor.  Sun's  Alt*    50 
Ditto  Semidiam.         ^5  47 


Sun's  app.  Alt,     45  32  30 

C»r.  of  Sun^s  Alt.    50"            Pro.  Log.  2,3344               '  Pro.  Log.            4, 

Sim's  app*  Alt.   45*  32'* 30''  Co-fine       9,8453  Co-tang.              9>99J6 

Appi  DilL          106^4/          Sine            99810  Tang.                 i<hS^^i 

Jk1o(Mi*s  tpp.  >Vlt.  19^43'      ^Co-fcc. .  10,4719  ■■ 

.     Rcjea  10  pro.  Log.  2d  Ang.  15'^  3^,8461 

Reje^  30  Pro.  tog.  of  tft  Aug,  25*"      2,6326  ift  Ang.  25 

App.Dift.  106  46  44 


Cor. of  MoOTtS  Alt.  - 50' 3"  Pro.  Log.  0,5559 

MMh's  Alt.    190  43'  Co-fine     t9,9737 

tot.  Dirt.      Id6    47  Sine           9,?8id 

Son's  app.  Alt.   45'' 33'  Co-fee.     10,1464 

Pr.  Log*  of  %d  Ang.  39'  39"  rejed  30    0,6570 


Cor.  Dift. 


106  47  24 

Pr«.  Log.  P,^55>. 

Co-tang.  10,4456 

Tang.  10,520! 


Reje^  20  P.  L.  4th  Ang.  5' 25"    l|52ii 
3d  Ang.  39   39 


Priac.  EfteflofParallix      45    4 


Cor,  Dift. 

Dtft.  comfled  for  prfncTpal  JlfFea  of  Rcfraftion  and  Paralhx 
FkH  Cor.  iraiia  Table  XX.   6**  . 

Second  Cor.  from  ditto  4  ' 

-*-•        "'  l^iffcrence 

PUtarfrnca  %     •  ^     , 

"     '■  True  Dirt:, 

fifitUiil., 


106  47  24 
;[o6    a  2Q 


xo6    2  18 

i<?t5«  i 


4li 


THE    LONGITUDE    AT    SEA, 


•If 


iftDift.  at  6h.     105*58'    3 
ad  dicco  ac  9  h.       107  24  54 


lit  Diff. 


z  26  51  Prop.  Lag. 


4  15  P.  L.    i,€2$f  ^ 


Prop.  Log.  Diff.  Time  8  ^8     Pro.  Log,  —  —  J>3»0$ 

Time  Handing  over  ift  Dift.^     600 

True  Time  at  Greenwich  6     S  48 

Time  at  Ship  3  17  10 

Diff.  Time  a  51  28  =  42*  52'  the  Long,  in,  and  It  h  Weftbeoudfe 

the  Time  at  Ship  is  lefs  than  at  Greenwich. 

EXAMPLE      V, 

Suppofe  that  on  the  15th  of  May,  1796,  in  Long.  1^  30' E.  the  Eye  21  t'cct  abovfc  t!h| 
Sea,  the  foiiowing  Obfervations  weri  made,  and  the  true  Longitude  be  reqbiJrtd  f 

H.  M.  S^ 
Time  per  Watch  22  41 .  19 

Long.  I**  30' £•  In  Time        ^ 


Times 

.Spit*. 

lower  Liixib 

Uift,  M4>on*i 
fartheft  Umb. 

H,  M.  S 
13   36  14 
IX  33     I 
tz  41  4' 

1*  43  4i 

11  45   5. 

19  so  30 

10     *     0 

30     15       0 

10  ig     0 

20  40     0 

D.  M.  S. 
iS     6     0 
a  2E     0 

18  39  30 
iS  SS     «» 

19  9     0 

D.  M.  S. 

3^  3<^  4> 
31   31  3D 

3'  33    « 

31  34    0 

31   35  45 

63  z6  3f 

!0r    16    jGs 

91   10  30 

157  45    0 

Mean  iz  41    ir 

20  15  i3 

iS  38     6' 
+     7  30 

3^  33  ^ 
+         *4: 

12  4t     K 

20  IS   18 

iS  ^5  3^ 

1     3!  33  24 

Obf.  Dift. 
Moon's  Scmldiam. 


31^33  H 
15  31 


Hor.  Par. 
App.  Alt. 

Par.  In  Alt. 
Refraflion 


Sup.  Ti.  at  Greenwich  12  35  xa 
At  this  Time  ihc  Moon's  Seifil* 
diameter  is  fourtd  to  be  15*  aj', 
and  the  Augmentation  6''  aJde4 
gives  the  true  Semidiam.  15'  31^ 
and  her  Horiz.  Par.  is  56'  35''. 

D.  M.  S4 
Moon's  obf.  Alt.  '  18  45  ^ 

ScnBidiam.   15' 31" 
Dip  4  w  r;         ''9 


18  56  45 

p.  L.  10,5026 

Leg.  Cof;     '9, 9 7 5! 


56-35" 
18^   56  43 


Cor,  Moon's  Ait.        50  46 


App.  Dift.  of  Centres  31   17  53 

Sur's  Obi;  Alt.  20^  1 5'  I S" 
Pip  4  22 

App.  Alt#  20  10  56 

Cor.  of  Star's  Alt.  2' 35''    P.  L.  1,8431 

Starts  Alt.  JO  11     o       Co-fine  9»572  5 

App.  Dift.  31   18  SiriT  9*7156 

Moon's  Alt.  18  57  Co-fecant        10,4884 


53  3« 

*  45 


P.  L. 


prop.  Log.  of  ift  Aag.  i'  44"    tiCi^6 


P.  L. 


P.  L. 

Co  tai?. 
Tan. 

2d  Aftg.  i'34" 
ill  Aug.  I  44 


0,526s 


1,^4^1 
xo,434i 
10^7839^ 

'  2,06 14 


Cor.  of  Moon's  Alt.      50'  46"  P.  L. 

Moon's  Alt.  18^57  Co-fine, 

Cor.  Dift.  31   18  Sine 

Sur'8  Alt.  20  II  Co-fccant 


Diff.  20 

App.  Dift.  31  17  53 

Dift. 


31  18  3  Cforjler 

P.  L.  1,5497 

Co-tan.  i0}464j^ 

Tang.  9>7839. 


Rejcft  30  P.  L.  3d  Ang.  3^  39'' 


10,5497 

9»975; 
9>7i56 

^  10,4621  . ^ 

— '-^  4th  Ang.  P.  L.   28' 40"   0,7973 

0,7032  3d  Ang.  35  39 


Principal  Effe^:  of  Parallax  6  59 

Corre^ed  Diftance  31   18     3 


PiAaDCe  ^rreCted  for  (irlndpal  Effect  of  parallax  anci  I^efra^llon  3111    4 


«4* 


METHOD    eF    FINDING 


Cor.  from  Table  XX.  38 

Cor.  from  ditto  i  Di/Terencc 

nH.  It  I*  Hours  3i»S3'  38" 
Dift.  at  15  Hours  30    o  zz 


Computed  Difk, 
Dift.  at  XI 


3» 

XX 

4 
37 

3» 

IX 

33 

41 
38 

xft  Diff. 
9dDiff. 


1  33  X7  P. 
o  »i  57  P. 


P.  L. 

Tunc  ftanding  orer  xft  Diftance 

True  Time  at  Greenwich 
Time  at  Ship 


*8s5 
9i3» 

6183  = 


»i  5T 


H.  M.  S. 
o  42  ax 
xa 

i2   42    2X 

X2  4x  19 


Diff.  of  Time  between  Ship  and  Greenwich  x     2   :=:   15'  |  the  Longitude  m^ 

tnd  it  is  Wefty  the  Time  at  the  Siiip  being  lefs  than  at  Greenwich. 

E    X    A    M    P    L    E      VI. 

Suppofe  the  Dift.  of  the  Sun  and  Moon's  neareft  Limbs,  with  the  rcfpe^live  Altitudes  of 
tiieir  lower  Limbs,  were  obferved  as  under  on  the  13th  of  April  17^6,  the  Eye  being  1% 
Feet  above  the  Sea,  in  Lat.  34**  17'N.  and  Long,  by  Account  30*^  46'W.  of  Greenwich, 
the  Watclx  not  previoufly  regulated,  and  the  Ship's  true  Longitude  bjf  required  ? 

As  the  Sun-.muft  be  then  at  a  fufficient  Diftance  from  the  Mercian,  the  Mean  of  the 
three  Altitudes  may  be  fuppofed  preferable  to  any  fingle  Alt.  taken  tor  finding  the  Time* 

H.  M.  S. 
T.  at  Sh.  4  50  57  S's  Alt. 
Lo.inT.  234  Semd.  15  5*8" 

''  55 

Sup.  Ti.  6  54     I  Dip        4    3^ 

*  App.  Alt.     22  ^4  55; 

Sun's  Rcf.  2^  19'  —  P.  S'r^i'  1 1"  Cor.  of  S*s  Ait. 
Moon's  Obf.  Alt.  80  41     « 

Moon*sSemidi.  16'  26"  — Dip  4'  3"—  o  12  23 


Times. 

Diil. 

5un'ti 
•AiU 

Moon' 6 
Alt. 

H.  M.  S. 
4  47  H 
4  50  " 
4  55  ^6 

D.M. 
77  11 
77  13 

77  18 

D.M. 
22  51 
22  12 

2X      6 

D.  M> 
80  18 
80  36 
8t     9 

Sum   14  3*  51 

231  42 

66    9 

242     3 

Mean^  4  50  57 

77  M 

22     3 

80  41 

a: 

n 

iDiff. 
ji      -r- 


3     • 


Moon'^s  app.  Alt. 


80  53  23 


Obf.  Dift.  of  Sun  and  Moon  77*'x4'o' 


Moon's  Hor.  Par.  o*'59'  21''  P.  L. 
Moon's  iipp.  Alt.  80  53  23       L.  co-f. 


$un'sScmdi.   i:;'  58  7  _ 
Mdon's  ditto   16  26  5  ' 


P.  L.  of  Moon's  Par.  in  Alt* 
**  Refraaion 


9  24 
9 


10,482  Y. 
9>i99a 

1,2824 


^^?*!lpp.  Dift.  of  Centres 

'  *Cor.  Sun's  Alt.  o^  2'  1 1' 

Sun's  Alt.         22  I  <;     o 

App.  Dift.         77  46    o 

Moon's  A 1^       So  53     o 


77  46  24  C»r.  of  Moon's  Alt. 

P.  L.         1,9161  P.  L. 

Co-fine     9,9664  Co-tan. 

Sine           9>990o  Tang. 
Co-l"ec.    10,0055 

_ p.  L^  jd  Ang.  12' 

Rcjcd  30  firft  Ang.  2  23  P.  L,           1,8780  2  23 

Diff. 
App.  Dift. 


1,9x61 
10,3881 
10,6639 

2,:;68x 


t>. 


Diftance  correfttd  for  Sun's  Refn«flion 
Cor.  Moon's  Ait,     o     9'  1 5"  P.  L* 
Moon's  Ait.  80  53     o     Co- line 

Cor.  Dlft.  '    77  48  35  '  Sine 

Sun's  Alt.  22  15     o    Co-fee. 


1^891 

9,1998 

9,9901 

10,4217 


3d  Ang. 


22  37     P.  U,Z=  0,9007 


4th  Ang.  P.  L.  12'  28"  iz: 

22  37 


1,2891 

9^*053 

10,6654 


Diff. 

Correded  Diftance' 


10 
77  48 


DiA.  corrcStid  prin.  Effeft  of  Par.  and  Ref.  z:  True  Diil. 
from  Tdbh  XX,  will  give  nothing. 


77  38  26    the  Corxefilojui 


TftE    LONGITUDE    AT    SEA. 


Ml 


To  find  the  Time* 
D.  M.  S. 
%^s  ap.  Alt.  22  14  55  Dec.  9^32^  Lat.  34  17 
Cor  o    2  XI         90  90 

True  Alt. 


By  the  fecond  Mediod  thus  t 


21  12  44P.D80  28 
90 


55  43 


Zenith 
Co.^'at. 
Pol.  Dift. 


67  47  16" 

80  28    o 

203.58  16 


Co-fee.  0,08288 
Co-fee.  0,00604 


f  Sum       lox  59    8    Sine  '    9999043 
Zen.  Dift.  67  47  id 

Ktnu         34  IX  52    Sine       9,74980 


€o.Lat.  5S*43' 
Decl.       9  32 


Co-fee.        d828t 
Secaut         00604 


M.  Alt.  65  X5  N.S.  90814  L.  R.  0889ft 
Tr.  Alt.  22  1 3  N.  S.  378 1 X 


53003  Lof .  4  7^4^^ 
In  Col.  of  Hilbg  gives  4h«  38'  10"    4>8 1 320 

^y  the  Ephemeris. 

Dift.at6  78*  5' 44"      Ditto       78^  5*44*' 
Dift.at9  79  43  51^      Tr.Dift.  77  38  26 


Diff.  iq  3    I  38     7  P.  L.  2635 
Comp.  Diff.    27  x8  P.  L.  8x91 


27  it 


50   4 


P.  L.  5556  rr 
Time  ftanding  over  firft  Dift.    6h 

True  Time  at  Greenwich     6  50    4 


Sum  X9J82915 
)  H.  An^.  34  46  20  r:  Co-f.    999x457 

2 

Ho»Ang.  69  32  40  =  4  38  IX  True  Time. 
Time  at  Greenwich        6  50    4 
Diff.  of  Time  between  -— 

Ship  and  Greenwich    2  XX  53  =  3»*  59'  3»"  the  Long,  in  Weft  of  Greenwich. 

^  finding  the  Time  the  Decl.  is  proportioned  to  the  reduced  Time  6h.  54'. 

Here  T  have  given  one  Method  of  finding  the  Lrongitude,  illu(l 
•Crated  by  a  fufiicient  Number  of  Examples,  all  of  which  are  reduced 
to  the  Year  1796,  in  order  that  the  Reader,  or  Teacher,  may  have 
fufiicient  Time  to  furnilh  himfelf.  with  a  Nautical  Almanack  for  that 
Year,  which  is  now  printed. ,  But  as  niany  would  wiih  to  havte. 
fome  other  Method  of  reducing  the  Diftance,  that,  by  comparing 
them  together,  they  may  not  only  have  the  Advantage  of  proyiqg 
their  Calculations,  but  alfo  of  making  Choice  of  which  they  prefer 
to  work  by.      . 

The  fecond  Method  I  (hall  prefent  the  Reader  with,  is  chiefly  de- 
duced from  that  invented  by  Mr.  Witchell,  late  Matter  of  the  Royal 
Academy  at  Portfmouth,  and  as  it  is  fhort,  requires  but  four  Places 
of  Figures  in  the  Logarithms,  befides  the  Index  3  the  Preparations 
^  in  both  Methods  being  exadly  the  fame. 


Hh 


To 


S4^  METHOD   OF    FINDING 

To  find  Ac  true  Diftance,  obfcrvc  this  general  Rule. 

FirftJ   Add  the  Sun  or  Star  and  Moon's  apparent  Altitudes  to- 
fedier,  and  take  half  the  Sum  ;  fvbtrafl  the  le&  from  the  greater, 
and  take  half  ihe  Difference ;  then  add  together 
The  Co*Tangent  of  half  the  Sum, 
The  Tangent  of  half  the  DiiFerence,  and 
The  Co- Tangent  of  half  the  apparent  Diftance. 
Their  Sum,  rejedini;  20  in  the  Index,  will  be  the  Log.  Tangent 
0f  an  Anele,  which  cau  A* 

Secondly.    When  the  Sun  or  Star's  Altitude  is  greater  than  the 
Moon's,  take  the  Difference  between  the  Ande  A  and  half  the  ap« 
parent  Diftance,  but  if  lefs  take  their  Sum.     Then  add  together 
,The  Go-Tangent  of  this  Sum  or  Difference, 
The  Co-Tangent  of  Sun  or  Star's  apparent  Altitude,  and 
The  propoAional  Log.  of  the  Correction  of  the  Sun  or  Star's 
Altitude. 
Their  Sum,  rejcftine  20  in  the  Index,  will  be  the  pjfoportional 
Logarithm  of  the  firft  Correftion. 

Thirdly.    If  the  Sum  of  Angle  A  and  half  the  apparent  Diftance 
was  taken  in  the  laft  Article,  take  now  their  DifFerence  -,  but  if  their 
Difference,  take  now  their  Sum.     Then  add  together 
The  Co-Tangent  of  this  Sum  or  Difference, 
The  Co-Tangent  of  Moon's  apparent  Altitude,  and 
The  proportional  Log.^of  the  Corredlion  of  the,  Moon's  appa- 
rent Altitude! 
Their  Sum,  rejcfting  20  in  the  Index,  will  be  the  proportional 
Log.  of  the  fecond  CorreSion, 

Fourthly.  When  the  Angle  A  is  lefs  than  half  the  apparent  Dif- 
tance, the  firft  Correftionr  muft  be  added  to^  and  the  lecond  fub- 
tra£led  from  the  apparent  Diftance  ;  but,  when  the  Angle  A  is 
greateft,  their  Sum  muft  be  added  to  the  apparent  Diftance,  when 
the  Sun  or  Star's  Altitude  is  lefs  than  the  Moon's ;  but  when  the 
Moon's  Altitude  Is  leaft,  their  Sum  muft  be  fubtraded  to  give  the 
correded  Diftance. 

Fifthly.  In  Tab.  XX.  look  for  the  correfted  Dift.  in  the  Top  Co. 
lirnin,  and  the  CorreSion  of  Moon's  Alt.  in  the  Left-hand  Side  Co- 
lumn ;  take  out  the  Number  of  Seconds  that  ftand  under  the  former 
and  pppofite  to  the  latter.  Look  again  in  the  fame  Table  for  cor- 
reSed  Diftance  in  the  Top  Column,  and  the  fecond  Correction  in 
the  Left-hand  Side  Column  ;  take  out  the  Number  of  Seconds  that 
ftand  under  the  former  and  oppofite  the  latter,  the  Difference  be- 
tween thefe  two  Numbers  will  be  the  third  Correction,  which  muft 
be  added  to  the  corrected  Diftance,  if  lefs  than  90°,  but  fubtra£ted 
from  it,  if  more  than  90° ;  the  Sum,  or  DiiFerence,  will  be  the  true 
Diftance. 

To  illuftrate  this  laft  Method  of  reducing  the  apparent  Diftance 
to  the  true  Diftance,  I  ftiall  take  the  appart-nt  Altitudes  and  Dif- 
unces  as  they  ftaud  in  the  three.,firft  Examples,  worked  by  the  for» 
incr  Method. 


THE    LONGITUDE   AT    SEA. 


^t 


EXAMPLE    I.      See  Page  235. 

Given  the  apparent  Diftance  of  the  Moon's  Qentre  from  the  Star 
63"*  35'  l3^  the  Moon's  apparent  Altitude  24®  29'  44",  an^  that  of 
the  Star  Regulus  45**  9'  12'^,  the  Moon's  Horizontal  Parallax  55' a*'. 
Required  the  true  Diftance  i 


D.  M.  s. 

9ttr*i  Altitude  45  19  ix 

Eef.  or  Cor.  of  Sur'i  Alt.  57 


Star's  app.  Alt. 
Moom*s  app*  Alt* 

Sum 

Difference 
App.  Diftance 

iSt  Cor.  add 


2d  Cor.  fub. 

CorreAed  Di/l. 
3d  Corredtion  add 

Tr^e  Diftance 


45<»  9*  i%" 
24  19  44 

69  38  56 
20  39  28 
63  35  13 


Mocm^i  Hor*  Par.  5s' »" 

App.  Alt.         24^  30' 

Mo^n*s  Par.  in  Alt* 
RefiraOioa 

Cor.  of  Moon*s  Alt. 


Prop.  XiOf  r     10,514$ 
Log.  Cof.         9*9590 


50'   5" 
»    4 

48     « 


9 

63 

35 

30 

22 

54 

63 

4 

28 

5 

Half  is 

Halfis 
Half  19 

Ang*  A 

Difference 


34*^49' »« 
10  19  44 
31  47  36 

22  54    o 

8  53  36 


Sun^s  Altitude    45    9  tz 
Star*s  Cor*  57 


63    4  33 


Bl^ering  %*'  from  that  found 
by  the  former  Method* 


I  ft  Corredion 

Half  app.  Dift. 
Angle  A 


31  47  36 
22  54    o 


Sum  54  41  36 

Moon^s  Altitude    24  : 
Cor.  MooA^  Ait* 


Co.  Tail. 
Tang.       > 
Co.  Tan. 

Tang. 

Co.  Tan. 
Co*  Tan. 
P.  L. 

P.  I*. 


Co*  Tan* 
Co.  Tan* 
Pr.  Log. 


o»555« 


10,1577 
9,2601 

10,2078 

■'  1. 

9,6256 

10,8056 

9*9977 
2,2775 

3,0808 


10,3413 
9,8sox 
o»5739 


id  Cotre^ioo 

2ft  Coh  Table  XX. 
ad  Cor.  ditto 


^n 


30  54      ^t*  1^.       0,7651 

9 

4 


3d  Cor*  of  Diftance  5 

E  X  A  M  P  L  E    IL      See  Page  236. 

Given  the  apparent  Altitude  of  the  Sun's  Centre  32%  that  of  the 
Moon*$  24%  and  the  apparent  Diftance  of  their  Centres  68«  42'  1 1^ 
and  the  Moon's  Horizontal  Parallax  58'  10".  Required  the  true 
Diftance  ? 


I^ef.  of  Sun^  Alt* 
Par.  in  Ak. 

^or.  of  Sun'i  Alt* 


l'3i"    Moon's  Hor*  Par.       58' xo'' 
8        Moon's  Ait.  24    o    o 


Pro.  Log. 
Log*  Cof. 


zo,49o6 

9,9607 


I  23 


Par.  in  Alt. 
Refradlion 

Cor.  Moon't  Ait* 
II  h  » 


53    S 
*    7 


Pro.  liog.        9»5*99 


«*♦■ 


METHOD    OF    FINDING 


Sun's  Alt. 
Moon's  Alt. 

3*' 

«4 

Sum 

Pifference 
Apparent  Difhmce 

1 

68  42  i^ 

Half  is 
Half  is 
Half  if 

28 

4 
34  21 

Co.  Tan^ 
Tang. 
Co.  Tang. 

io,274j 

8,8446 

10,1653- 

Ift  Cor.  add 

*3 

Ang.  A 

Difference 
Sun's  Alt. 

10  54 

23  27 
32 

Tang. 

Co.  Tang* 
Co.  Tang. 

9,2842 

Correaed  Dift. 
«1  Cor.  fub. 

68  42  34 

22   55 

10,3627 

|0,204« 

jftCor.Tab.XX. 
9A  Cer.  ditto 

8     68  19  39 
X  Diff.          7 

Cor.  Suh's  Alt.    i'  23" 

xft  Cofreaioa          23 
Half  Diftance         34  21 
Ang*  A                 xo  54 

Sum                      45  IS 

Moon's  Alt.           94    0 
Cor.  Moon's  Alt,        51'  i'' 

P.L. 

Co.  Taug. 
Co.  Tang. 
P.L. 

2,1143 

2,681^ 

9>99^ 
10,351^ 

0.5475 

True  DiftjDice               68  19  46 

Difiering  %"  from  that  found 
by  the  former  Met;hod. 

ad  Correaioa 

n  35 

P.L. 

0,8951 

EXAMPLE    III. 

Sec  Page 

237- 

Given  tfie  Sun's  apparent  Altitude  18®  59'  f ,  the  Moon's  70**  44'', 
Ae  apparent  Plftancc  of  their  Centres  103**  30'  8",  and  the  Moon's 
Horizontal  Parallax  59'  15''.    Required  the  true  Diftance  ? 

Refrac.  of  Sun's  Alt.    %'  44*^      Moon's  Hor.  Par.       59'  15' 


Parallax  in  Alt. 

COr.  of  Sun's  Alt. 
Son's  app.  Alt. 

Moon's  ditto 

Sam 

Diffierence 
App.  Diftance 

ift  CorreAion  add 


ad  Corre^^ion  fub. 


8  Moon's  Alt.        70*  44 

2  36  Par.  in  Alt. 

180  59  30  Refiradtion 

70  44    o  Cor.  Moon's  Alt.       19  14 


Pr.  Log. 
L.  Cof. 


10,4826 
9.5185 


89  43  30  Half  is 

51  44  30  Half  is 

103  30     8  Half  is 

2  53  Angle  A 


44  51  45 
25  52  15 

51  45    4 
21     X 


Pr.  Log.      0,9641 


Co.  Tan.  10,0020 
Tang.  9>6857 
Co.  Tan.    9,8697 


103  33     I    Sum,  An.  A,  and  I  Dlf.  72  46    4 
32  43    Sun's  app.  Altitude      18  59  30 


103     o  18    Cor.  Sun's  Alt. 


Conc&td  Dift. 

iftCor.  Tab.X?C.o 

ad  Cor.  ditto  2  Diff*.         2     xft  Corred^ion 


2  36 

*  53 


True  Diftance 


t)i0bing  3"  from  that  found 
by  the  firft  Method. 


103     o  16    Angle  A 

i  app.  Dift. 


21.     x 

51  45    4 


Difference  30  44    4 

Moon's  Alt.      70  44    o 
Cor.  Moon's  Alt.     19  14 


ad  CorredtioA 


3*43 


Tang.         9.5^ 

Co.  Tan.     9,4916 
Co.  Tan.  10,4632 

Pr.  Log.     1,8403 
h79S^ 


Co.  Tan.  10,1258 
Co.  Tan*  9,5435 
P.  Log.      0,9712 

P.  Log.  7405 

Ilhall 


THE. LONGITUDE    ^T    SKA,  hI. 

I  {hall  leave  the  working  of  the  other  Exaipples  by  this  Method^ 
to  exercife  the  Learner,  and  proceed  to  (hew  how  to  find  the  true 
Altitudes  of  the  Sun,  MooA,  or  a  Star  by  Calculation, 

To  find  the  Sun*s  true  Altitude, 

It  rometimes  happens,  that  the  Diftatice  of  the  celeftial  ObjeOi 
may  be  taken,  but  for  Want  of  a  good  Horizon,  or  Affiftants,  tbeiir 
Altitudes  cannot  be  taken  at  the  fame  Time  ^  tp  fypply  fuch  De« 
jiciences,  obferve  the  three  following  Cafes. 

C    A    S    E      L 

The  apparent  Time^  the  Ship's  Latitade,  Longitude,  and  tli# 
Sun's  Declination  given,  to  find  the  true  Altitude  of  his  Centre, 

RULE. 

If  the  Ship's  Cof-Latitude  and  the  Sun's  Declination  be  both 
North  or  both  South,  their  Sum  ;  but  if  one  be  North  and  the  otbei;: 
South,  their  Difference  is  the  Sun's  Meridian  Altitude. 

With  the  apparent  Time  from  Noon,  enter  Table  XVL  an4 
from  the  Column  of  Rifing  take  out  the  Logarithm  correfponding 
to  it.  I 

To  this  Logarithm,  add  the  Log.  Co-fine  of  thp  Latitude,  ani|^ 
the  Log.  Co-fine  of  the  Sun's  Declination.  ^ 

Their  Sum,  rejeding  20  in  the  Index,  will  be  the  Logarithm  of 
a  Natural  Number,  which  being  fubtradted  from  the  Natural  Sine  of 
the  Sun's  Meridian  Altitude,  will  leave  the  Natural  Sine  of  his  tract 
Altitude  at  the  given  Time. 

EXAMPLE. 

Required  the  true  Altitude  of  the  Sun's  Centre,  in  Lat.  49®  S7'N', 
July  25,  1796,  at  6H.  56 M.  30 S.  in  the  Morning? 

12    o    o 
App.  Time  6  56  30  • 

Time  from  Noon      5     3  30  Its  Log.  in  Col.  of  Rifing      4,87850 
Latitude  49  57     o  N.  its  Log.  Co-fine  9,80852 

Decl.  at  that  Time  19  26    o  N.  its  Log.  Co-fine  9j9745^ 


.^^ 


Co.  Lat.  40    3  Rejeft  20  N.  N.  4s87i=Log.=4,66i54j 

Mer,  Alt.  59  29  Nat.  Sine  86148 


Nat.  Sine  true  Alt.  40277  =  23**  45'. 

EXAMPLE 


14$  METHOD    OF    FINDING 

EXAMPLE      XL 

What  will  be  the  true  Altitude  of  the  Sun's  Centre  at  London, 
November  24,  1796,  at  3H.  aiM«  30S.  apparent  Time  in  the 
Afternoon  ? 

H.  M.  S: 
App.  Time  from  N.    3  21  to  Its  Loe  in  Col.  of  Rifing    4,55960^ 
Latitude  5 1**  32'  N-  Log.  Uo-fine  ^>79383 

D^L  at  that  Time  20  49  S.  Log,  Co- fine  9,97068 

Co.  Lat.  38  28  N.  Nat.  Num.  21062 =Log.=:  4,32351 

Mtr.Alt.  1739        Nat.  Sine    30320 

Nat.  Sine  true  Alt.     519        Nat.  Sine    09258 

CASE      II. 

The  apparent  Time^  the  Latitude  and  Longitude  ghen,  to  find  the  Alti^ 
tude  of  any  of  the  known  fixed  Stars, 

RULE. 

Turn  the  Longitude  into  Time,  and  add  it  to  or  fubtraft  It  from 
Ae  Time  at  the  Ship,  according  as  it  is  Eaft  or  Weft,  the  Sum  or 
Difference  will  be  the  Time  at  Greenwich. 

Take  the  Sun's  Right  Afcenfion  from  the  Nautical  Almanack, 
and  proportion  it  to  the  Time  at  Greenwich,  and  add  it  to  the  ap- 
parent Time  at  the  Ship,  which  will  give  the  Right  Afcenfion  of  the 
Meridian,  or  Mid-Heaven. 

Find  the  Star's  Ri^t  Afcenfion  and  Declination  in  Table  XIII. 
and  take  the  Difference  between  its  Right  Afcenfion  and  the  Right 
Afcenfion  of  the  Meridian,  which  will  be  the  Diftance  of  the  dtar 
from  the  Meridian. 

Having  the  Star's  Diftance  from  the  Meridian,  with  its  Declina- 
tion and  the  Ship's  Latitude,  the  true  Altitude  is  found  in  the  fame 
Manner  as  has  been  fhewn  in  the  laft  Examples  of  finding  the  true 
Altitude  of  the  Sun. 

EXAMPLE. 

What  will  be  the  true  Altitude  of  Aldebaran  at  Edinburgh,  April 
III  I7q6«  at^H.  56 M.  20  S.  apparent  Time* 

H.  M.  S.  H.  M.  S. 

App.  Time  5  56  20  Sun*s  Right  Afcen.  at  N.  i  22  27 

Long.  3''  6'W.  in  Time     12  24  Prop.  Part  for  6  Hours  55 

App»  Time  at  Green.   6    8  44  Right  Afcen.  at  Edinb.    j  23  2a 
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Right  Afcen,  at  Ed. 

6     844 

I   23  22 

Right  Afcen.  Met  id. 
Star's  Right  Afccn. 

7  32    6 
4  24  14 

Star's  Dift.  from  Mei 
Edinburg's  Lat. 

:.  3    7  52  Its  Log.  in  Col.  of  Riilng  4,50185 
55*  58' N.  Log.  Co-fine                   9>74794 

Star's  Decl. 

16    5  19  Log.  Co-find                    9,98266 

Co.  Lat. 

34    2  N.  Nat.  Num.  17078  Log.  4*23245 

Meridian  Altitude 

50    7  19  Nat.  Sine      76735 

True  Altitude 

36  37        Nat.  Sine      59657 

Note.  As  the  Table* is  calculated  only  to  30",  the  Difference 
betMreen  the  Log.  of  3  H.  7  M.  30  S.  and  3  H.  8  M.  muft  be  takcn> 
which  is  218 :  Then  fay,  As  30  :  218  : :  22  :  160,  Which  being 
added  to  4,50025  the  Log.  of  3  H.  7M.  30  S.  gives  4,50185,  the 
Log.  of  3  H.  7  M.  52  S.  as  above. 

c  A  s  E    in. 

The  parent  Time^  the  Latitude  and  Longitude  <f  the  Ship  gwtn^  (§ 
find  the  true  Altitude  of  the  Moon^s  Centre. 

RULE. 

Turn  the  Longitude  into  Time,  and  if  it  be  Weft  add  it  to,  but 
if  it  be  Eaft  fubtradl  it  from  the  apparent  Time  at  the  Ship,  and  it 
will  give  the  Time  at  Greenwich. 

Take  the  Sun's  Right  Afcenfion  out  of  the  Nautical  Almanack, 
and  proportion  it  to  Greenwich  Time,  which  being  added  to  the 
Time  at  the  Ship,  the  Sum  will  be  the  Right  Afcenfion  of  the  Me* 
ridian  or  Mid  Heaven. 

Take  out  of  the  Nautical  Almanack  the  Moon's  Right  Afi:en- 
fion  and  Declination,  and  proportion  them  to  the  Time  at  Green* 
wich.  Turn  the  Moon's  Right  Afcenfion  into  Time,  and  take  the 
Difference  between  it  and  the  Right  Afcenfion  of  the  Mid  Heaven, 
which  will  be  the  Diftance  in  Time  of  the  Moon  from  the  Me- 
ridian. 

Having  the  Ship's  Latitude,  together  with  the  Moon's  Declina- 
tion and  Diftance  from  the  Meridian,  the  true  Altitude  is  found,  in 
the  fame  Manner  as  has  been  (hewn  in  finding  the  <rue  Altitude  of 
the  Sun  and  Star. 


EXAMPLE. 


^  METttOD    OF    FINDING 

EXAMPLE. 

What  vrill  be  the  Moon's  true  Altitude  at  19  H.  16  M.  52  Si 
apparent  Time,  in  Latitude  14''  45' S*.  and  Longitude  167^  £.  pa 
Auguft  24,1:796? 

H.  M.  S. 
App.  Time  at  Ship  "  19  16  52 
Long.  167^  £•  in  Time        11     80 

App.  Time  at  Greenwich      8     8  52 

5un*s  Right  Afcenfion  1017     o     Moon's  ditto  47**  14' 

App.  Time  at  Ship  19  16  52 

29  33  5^ 
24 


ilight  Afccnfion  of  the  Merid.        5  33  52 
Moon's  Right  Afcen.  in  Time       3    8  56 

Moon's  Dift.  from  the  Merid.        2  24  56    Log.  Rifing    4,2864^ 
Latitude  14°  45'    Log.  Co-fme  919854$ 

Moon's  Decl.  at  Ship     iS^'si'N.  Log.  Co-fine  9,98780 

tCo.  Latitude  75  158.  Nat.  Num.  18183  Log.  4,25967 

Meridian  Altitude  61  44      Nat.  Sine     88075 

N.  Sine  of  Moon's  true  Alt.  44**  20'  =  N.  Sine  69892 

In  the  laft  Example  proportional  Parts  are  taken  in  finding  the 
llight  Afcenfion,  Declination  and  Log.  Rifing. 
;  By  the  three  laft  Cafes  the  true  Altitudes  of  the  Obje6ls  are  found, 
therefore  if  the  apparent  Altitudes  be  wanted,  the  Diirerence  ht^ 
tween  the  Sun's  Parallax  and  Refra£Uon  muft  be  added  to  the  Sun's 
true  Altitude,  the  RefraSion  muft  be  added  to  the  true  Altitude  .^ 
9L  Star,  and  the  Difference  between  the  Moon's  Refravflion  and  Pa- 
j-allajc  in  Altitude  muft  be  fublrafted  from  the  true  Altitude  of  ^cbe 
Moon  thus  found,  to  obtain  the  refpedive  apparent  Altitudes  of  their 
Centres. 

To  find  the  Longitude  by  the  Eclipfes  of  Jupiter's  Satellites. 

On  the  Day  preceding  the  Evening  on  which  it  is  propofed  to 
pbferve  an  Eclipfe,  look  for  the  Time  when  it  will  happen  at  Greenr 
with,  in  Page  3d  of 'the  Month  in  the  Ephemeris.  Find  the  DifF, 
of  Longitude,  cither  by  a  good  Map,  Sea  Chart,  or  Dead  Reckon- 

^^-  Let 
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Let  the  Watch  be  regulated  by  the  Sun  with  all  poflSble  Exadnefs 
to  the  apparent  Time.  Turn  the  Difference  of  Longitude  into 
Time)  and  add  it  to  or  fubtraA  it  from  the  apparent  i  ime,  accord- 
ing as  it  is  £aft  or  Weft  of  Greenwich,  the  Sum  or  Difference  will 
be  ;nearly  the  Time  when  the  Eciipfe  is  to  be  looked  for  in  that 
Place.  But  as  the  Longitude  is  uncertain,  it  will  be  proper  to 
begin  20  or  30  Minutes  before. 

Qbferve  the  Hours,  Minutes  and  Seconds  of  the  beginning  of  the 
Eciipfe,  called  Immerfion,  that  is,  the  very  Inftant  that  the  Satellite  ap- 
pears to  enter  intotheShadow  of  Jupiter ;  or  theEmerfion,  that  is,  when 
it  appears  to  come  out  of  the  fame.  The  Difference  of  Time  between 
the  obferved  Immerfion,  or  Emerfion,  and  that  fct  down  in  the  Nau- 
tical Almanack,  being  turned  into  Degrees,  will  give  the  Difference 
of  Longitude  between  Greenwich  and  the  Place  of  Obfervation. 

Theie  Obfervations  made  on  the  firft  Satellite,  or  that  which 
moves  nea'reft  to  the  Body  of  Jupiter,  is  the  moft  proper  for  deter- 
mining the  Longitude  ;  and  here  it  may  be  obferved,  that  its  Emer- 
fions  are  not  vifible  from  the  Time  of  Jupiter's  Conjunciion  with 
the  Sun  to  the  Time  of  his  Oppofition  to  the  Sun,  and  that  its  Im- 
xnerfions  are  not  vifible  from  the  Time  of  the  Planet's  Oppofition  to 
the  Sun,  to  the  Time  of  its  Conjunftion. 

The  Configurations,  or  the  Pofitions  in  which  Jupiter's  Satellites 
appear  at  Greenwich,  are  laid  down  every  Night  when  vifible,  in 
Page  the  12th  of  the  Alonth  in  the  Ephemcris. 

EXAMPLE. 

Suppofc  that  on  the  17th  of  Auguft,  1796,  in  Longitude  88®  30' 
Weft  by  Account,  an  Immerfion  of  Jupiter's  firfl:  Satellite  was  ob- 
ferved at  12  H.  30  M.  20  S.  apparent  Time.  Required  the  Lon- 
gitude? H.  M.  S. 
At  Greenwich,  the  Immer.  of  ift  Satellite  that  Day  will  be  18  20  30 
Oblcrved  Immerfion  at             —                    —  12  30  20 

Diflference  in  Time  —  —  S  So  10 

Turned  into  Longitude  gives  87^  32'  f ,  and  is  Weft,  becaufo^the 
Time  at  Greenwich  is  more  than  at  the  Place  of  Obfervation  j  the 
Error  in  Longitude  58  |  Miles. 

As  thefe  Eclipfes  happen  almoft  daily,  they  afford  the  moft  ready 
Means  of  determining  the  Longitude  of  Places  on  Ldnd,  and  then 
the  Longitudes  of  Sea  Coafts  might  be  better  afcertained  than  they 
•are  at  prefent ;  they  might  alfo  be  applied  at  Sea,  could  they  be  ob- 
ferved with  fufficient  Accuracy  in  a  Ship  under  Sail,  which  ca,n 
hardly  be  done,  fince  the  leaft  Motion' of  a  Telefcope  that  magnifies 
fufficiently  to  make  thefe  Obfervations,  would  throw  the  Objects 
out  of  the  Field  of  View. 

The  Eclipfes  of  Jupiter's  Satellites  may  be  well  obferved  by  one 
of  Dojland's  fn^w  Acromatic  Telefcopes  of  three  Feet  in  Length,  or 
by  a  Refledling  Telefco6e  of  18  or  20  Inches  Focal  Length. 

I  i  To 


iSO        THE    MANNER    OP    SURVEYINC? 

To  find  the  Longitude  by  the  Eclipfcs  of  the  Moon; ' 

This  is  performed  by  comparing  the  Times  of  the  Beginning  or 
Ending,  as  aJfo  the  Times  when  any  Number  of  Digits  bfc  ecKpied^ 
or  when  the  Earth's  Shadow  begifis  to  touchy  or  leave  any  remark^ 
able  Spot  on  the  Moon's  Face. 

Then  will  the  Difference  of  Time  between  the  likfC  Obfervatiom 
inade  at  different  Places,  turned  into  Degrees^  be  their  Difierence 
c^  Longitude. 

But  thefe  Eclipfcs  happen  too  feldom  to  be  of  any  genera!  Ufe  at 
Sea. 


The  Manner  of  Surveying  Sea  Coafti  and 
Harbours. 

HAVING,  in  the  former  Part  of  this  Work,  treated'  on  thofr 
Branches  of  Knowledge  which  ought  to  be  acquired  by  every 
one  who  undertakes  the  conducing  of  Ships  to  remote  Parts ;  1 
think  it  incumbent  on  me  to  give  feme  Direftions  concerning  an- 
other Branch,  which,  though  of  great  Importance,  feems  to  be  toa 
much  neglefteds  namely,  the  drawing  of  Draughts  or  Charts  of  the 
feveral  Coafis  along  which  they  (ail,  and  alfa  of  thofe  Harbours  int^ 
which  they  go. 

'  Thofe  who  have  the  Charge  of  conducing  Ships  freqiiently  com- 
plain, that  few  of  the  Sea  Charts  are  found  to  be  corred.  Sup- 
^fmg  the  Complaint  to  be  juftly  founded^  we  may  reafonably  pre- 
iume$  that  fuch  Incorrednefs  has  arifen  from  the  following  Caufes ; 
namely,  the  Authors  having  too  much  Recourfe  to  thofe  Charts 
,  which  were  drawn  when  the  Latitudes  and  Longitudes  of  Places 
.swerebutill  determined,  and  when  the  neceflary  Inftrmnents  were  not 
fufficiently  corre6l  for  the  Purpofe  of  taking  the  diiFercnt  Bearings  j  fx 
rit  may  have  been  owing  to  an  Impropriety  in  the  Manner  of  furvey- 
4ng  the  feveral  Parts. 

When  a  Voyage  is  finifhed,  the  Journal  of  that  Voyage^  however 
applicable  it  may  be  to  public  Purpofes,  is  feldom  regarded.  Were 
'the  Lords  of  the  Admiralty  to  eftabUlh  a  Repofitory  for  Obferva- 
tions,  Drawings,  Appearances  of  the  Land,  and  other  ufeful  Arti- 
\:les,  fuch  Aiaterials  might  be  applied  to  the  Improvement  of  Navi- 
gation. Proper  Perfons  might  bfe  appointed  to  arrange  and  )appl> 
thenx  in  the  conftruding  of  ufeful  Sea  Charts ;  and  fuch  Charts,  if 
not  given  to  the  Public,  fhould  be  delivered  to  the  Officers  in  the 
Royal  Navy.  When  a  Ship  of  War  is  ordered  to  go  abroad,  the 
Matter,  who  has  the  Charge  of  navigating  her,  is  under  a  ftrong 
Temptation,  not  to  fay  NeceiHty,  tp  purchafe  fuch  Charts  as  will 
beft  iuit  his  prefent  CircumBances,  though  not  the  moft  correfl ; 

and 
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and  the  valMat)le  Ship,  with  the  ftill.more  valuable  Lives  of  the 
People  on  bo^d,  are  thereby  greatly  hazarded. 

Having  fome  Time  ago  waited  on  the  firft  Lord  of  the  Admiralty, 
I  took  tte  Liberty  to  recommend  the  furniAing  of  the  Mafters  with 
proper  Charts,  when  ordered  ^poQ  diftant  Services  ^  and  obferved, 
that  fucb  Charts  might  be  returnable  in  the  fam6  Manner  as  the 
Ship's  Stores  are  now.j  which  has  long  been  the  Cuftom  in  France. 
His  Lordfhip  thought  proper  to  fay,  ^'  He  hoped  the  Admiralty 
"  woulj  think  of  it."  I  told  his  LorcUhip,  tha,t  I  was  then  fpeaking 
to  the  f^irji  Lord  of  thfi  Adrnfralty,  and  a  Seaman.<-r>Having  never 
heard  any  Thing  of  the  Matter  fince,  I  fhall  proceed  to  (hew  the 
Reader  how  the  Bufincfs  of  taking  ^e  Bearjng  of  any  Part  of  a 
Coaft^  apd  of  plotting  or  delineating  it,  may  be  performed. 

To  take  the  Drau^t  of  a  Coaft  in  failiij^  along  it. 

Having  bcoughl  the  Ship  to  a  convenient  Place,  from  whence  the 
principal  Points  of  the  Coaft  or  Bay  may  be  fcen,  either  caft  Anchor, 
if  it  is  convenient,  or  lie  to  as  fteady  as  poiEblie ;  or  if  the  Coaft  is 
too  fboal,  let  the  Obfervations  and  Meafures  be  done  in  a  Boat^ 
Then,  while  the  Veflel  is  in  a  ftationary  Situation,  take  with  the 
Aisimuth  Compafs,  or  Sextant^  the  Bearings,  in  Degrees,  of  fuch 
Points  of  the  Coaft  as  form  the  moft  material  Projeftions  or  Hol- 
jows ;  write  down  thefe  Bearings,  and  make  a  rough  Sketch  of  the 
Coafts,  obferving  carefully  to  mark  the  Points  whofe  Bearings  were 
taken  with  Letters,  for  the  fake  of  Reference. 

Then  let  the  Ship  or  Boat  run  in  a  direA  Line,  which  muft  be 
very  carefully  meafurcd  by  the  Log  or  otherwife,  one,  two,  or  three 
Miles,  more  or  lefs,  until  flie  comes  into  a  Situation  firom  whence 
the  fame  Points  before  obferved  can  be  feen  again  j  there  let  the 
VeiTel  lie  fteady  as  at  the  foregoing  Station ;  and  again  obferve  the 
refpeftiye  Bearings  in  Degrees  of  the  lame  noted  Points,  which  are 
alfo  to  be  wrote  down,  and  a  rough  Sketch  of  the  Coaft  (hould  alfo 
be  taken  from  this  Station ;  for  which  Purpofe  prepare  an  Obferva- 
tion  Table,  in  which  write  diftin<ftly  and  regularly  the  feveral  celef- 
tial  Obfervations,  Bearings,  Diftances  meafured  by  the  Log-line; 
the  Rocks,  Shoals,  Soundings,  Overfalls,  Races  of  Tides,  and  other 
Remarks,  that  may  be  made  along  the  Coaft.  The  Table  may 
confift  of  feven  or  eight  Columns,  difpofed  in  the  fbllowilig  Order : 

Note.  The  Sextant  will  be  found  the  readieft  and  moft  correft 
Inftrument  to  take  the  Angles  by,  held  in  an  Horizontal  Pofition,  by 
which  Means  any  two  ObjeSs,  not  exceeding  120°,  maybe  brought 
ioto  Conta6t.  It  will  not  be  amifs  to  take  material  Points  by  the 
Compafs^  and  intermediate  ones  by  the  Sextant  or  a  Quadrant. 


Obfervations 
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While  the  Veffel  is  running  the  Bafe  Line  from  Statioirrto  Sta- 
tion, a  more  accurate  appearance  of  the  Coaft  fhould  be  made.  To 
do  which,  let  four  expert  Perfons  be  appointed;  one  to  take  thp 
Bearing  exactly  with  the  Azimuth  Conipafs;  one  to  overfee  the 
running  out  oi  the  Log-line,  and  to  keep  an  Account  of  the  Ship's 
Way,  lo  as  to  be  readily  able  to  tell  the  Diftance  run  when  required ; 
the  third  to  attend  the '  Heaving  of  the  Lead,  to  write  down  the 
Soundings  and  Bearings  of  one  or  two  Head  Points,  or  remarkable 
Parts  of  the  Coaft  taken  at  each  Depth :  the  fourth  a  Draught^ 
man,  to  draw  out  the  neceffary  Bearings  and  Diftances,  and  deli- 
neate the  Figure  and  Windings  of  the  Coaft  at  each  Station,  and  ta 

correft 
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correal  their  forms  and  Dimenfions  while  the  Ship  is  failing  along 
the  Land.  Then  let  the  fevetal  Bearings  be  correded  by  the  vari* 
ation  to  reduce  them  to  their  true  Pofitions.     Then, 

In  fome  convenient  Part  of  a  Sheet  of  Paper,  defcribe  a  Circle, 
the  larger  the  better,  on  which  layofFthe  feveral  Bearings  cakea 
from  the  firft  Station,  and  let  them  be  numbered  i,  2,  3,  &c.  on  the 
Outfide  of  the  Circle  :  Alfo  lay  down  the  feveral  bearings  taken  at 
the  fecond  Station  ;  let  thefe  be  numbered  i,  2,  3,  ice.  on  the  Iniide 
of  the  Circle,  obferving,  that  the  Bearings  of  the  fame  Points  are 
numbered  with  the  fame  Figures. 

Draw  a  Line'to  exprefs  the  Ship's  Run  both  in  Length  and  Courfc ; 
and  from  that  End  of  the  Line  expreffing  the  firft  Station,  draw  Lines 
parallel  to  the  refpedtive  Bearings  taken  at  that  End,  and  note  it  on 
the  infide  of  the  Circle  ;  mark  the  interfec^ion  of  each  Pair  of  Lines, 
direAed  to  the  fame  Point  with  the  Number  annexed  to  their  Bear^* 
ing ;  and  through  the  Interfe<5lion  fomatked,  draw  by  Hand  a  curved 
Line,  obferving  to  wave  the  Line  in  and  out,  as  near  as  can  be  like 
the  Bending  of  the  Coaft  itfelf. 

Againft  each  Part  draw  the 'Appearance  of  the  elevated  or  low 
Ground  in  the  Sketches,  diftingui&ing  Rocks,  Cliffs,  or  High  Land, 
Low  Land,  Sand  Hills,  &c.  If  there  arc  any  Currents  or  Eddies, 
exprefs  them  in  their  proper  places  by  Darts  or  Arrows,  the  Points 
being  turned  that  Way  the  Current  fets.  Put  in  the  feveral  Sound- 
ings at  Low  Water  in  fmall  Figures,  diftinguifhing  whether  Fathoms 
or  Feet,  fliew  the  Time  of  High  Water,  on  the  Full  and  Change 
Days,  by  Roman  Figures,  and  tell  the  Rife  in  Feet;  put  in  a  Com- 
pafs,  with  a  Scale  of  Miles  or  Leagues,  fuch  as  the  Veilers  Run  was 
laid  down  by ;  add  the  Name  of  the  Place,  the  Coaft,  and  the  La« 
titude  and  Longitude,  as  true  as  can  be  obtained. 

*  If  there  is  a  Shoal  or  Sands  on  the  Coaft,  let  it  be  taken  by  a  Boat 
failing  round  it,  and  keeping  an  Account  of  the  Courfes,  Diftances, 
and  Soundings;  to  put  in  the  Draught,  the  Boat  muft  from  fome 
Part  of  the  Sand  or  Shoal,  take  the  Bearings  of  two  Points  on  the 
Coaft,  whofe  Bearings  have  been  taken  firom  the  Ship:  Or  the 
Bearing  of  the  Boat  at  fome  Part  of  the  Shoal,  or  of  fome  Beacon  in 
that  Place,  muft  be  taken  by  the  Ship,  at  the  Stations  where  {he 
takes  the  Bearings  of  the  Shore ;  for  by  either  of  thefe  Means,  one 
Point  of  the  Sand  being  obtained,  the  reft  of  it  can  be  laid  down 
from  the  Boat's  Account. 

If  the  Coaft  to  be  drawn  is  a  Bay  or  Harbour,  winding  in  fuch  a 
Manner  that  all  its  principal  Points  cannot  be  feen  at  two  Stations, 
let  as  many  Bafes  or  Lines  be  drawn,  and  exaftly  meafured,  as  may  be 
found  necefTary ;  obferving,  tliat  the  feveral  Diftances  run  fliould  join 
to  one  another  in  the  Nature  of  a  Traverfe ;  that  each  new  Set  of 
Objects  or  Points  obferved,  fliould  be  taken  from  two  Stations  at  the 
End  of  a  known  Diftance  s  and  that  the  Objefts  whofe  Bearings  are 
taken,  do  not  extend  fo  much  beyond  the  Limits  of  the  Bafe,  as  to 
ijiafces  Angles  with  it  of  Icfs  than  about  |  or  |  of  a  Point,  but  rather 

referve 


ff4         THE    MANNRR.   OF    SURVEYING 

referve  fuch  Obje£b  for  the  neacfr  mcafured  Bafe;  for  when  Lines  Viq 
very  oblique  to  one  another,  their  laterfe^flioris  are  not  eaJily  afcer* 
tained. 

.  Thus  may  t  Coaft  of  any  Extent  be  funreyed,  by  carefully  ineafuring 
of  Stationary  Bale  Lines,  and  fiom  their  £nds  drawing  Angles  and 
lines  to  cut  each  other. 

If  any  particular  Parts  of  the  Harbour  cannot  be  conveniently  feea 
^om  either  of  the  Stations,  take  the  Boat  into  thofe  Places,  and 
baving  well  e^^amined  then),  make  Sketches  (hereof,  eftiouting  the 
Lengm  and  Breadth  of  the  feveral  Inlets,  either  by  the  rowing  or 
jiailing  of  the  Boat,  taking  as  many  Be^ings,  Soundings,  and  other 
Notes;,  as  may  be  thought  neceilary  -,  then  annex  theie  particulaf 
Views  in  their  proper  Places  in  the  general  Draijight. 

If  there  are  any  dangerous  Sands  or  Rocks,  beudes  inferting  them 
in  their  proper  Places,  there  ibould  be  a  double  Line  drawn  through 
that  Point,  or  one  or  more  Objei9s.a(hore ;  and  for  this  Purpdft 
chttfe  a  Church,  Mill,  Houfie^  noted  Tree,  a  Clift,  or  any  remark* 
able  Thing  that  can  be  diftindlly  feen  at  Sea,  and  which  can  be 
brought  to  bear  in  the  fame  right  Line  with  the  Point  to  be  avoided  i  " 
but  if  that  Point  is  under  Watpr^  there  muft  be  two  Land  Marks 
brought  to  bear  with  the  Danger,  either  in  a  right  Line,  when  it  can 
be,  or  in  two  Lines ;  and  ^at  thole  two  Lines,  and  that  thofe  Land 
Marks  may  be  put  down  in  their  proper  Places,  their  Bearing  muft 
•lib  be  taken  from  two  of  the  Ship's  Stations. 

It  fhould  be  remarked  in  the  Draught  what  Places,  if  any,  are  ua-» 
fit  for  Anchorage,  and  what  are  fit,  by  writing  ^'  rocky  Ground, 
foul  Anchorage,  good  AiK^horage ;''  and  in  the  latter,  to  draw  the 
Figure  of  an  Anchor.  Alfo  if  there  is  any  particular  Channel  more 
convenient  to  fail  through  than  another,  it  is  to  be  pointed  out 
by  Lines  drawn  to  its  Entrance,  from  two  or  more  noted  Mark$ 
alhore. 

The  foregoing  Method  of  furveying  a  Coaft  fuppofes  in  general, 
that  it  is  taken  by  a  Ship  in  her  Pailage  along,  not  having  an  Op^ 
portunity  of  going  aihore.  But  when  Circumftanccs  will  permit  the 
Meafures  and  Obfervations  to  be  made  on  Land,  the  Survey  can  be 
taken  more  accurately  than  on  the  Water. 

To  furvey  an  Harbour  by  Obfervation  on  Shore, 

Make  an  Eye- Draught  of  the  Place  to  be  furv>eyed  j  and  in  going 
round  its  Coaft  fix  in  the  moft  remarliable  Points  and  Behds  of  the 
Shore,  Station  Staves^  or  ftrait  Poles,  tall  enough  to  be  feen  at  a  con- 
fiderable  Diftance :  But  if  at  any  of  thefe  places  there  is  a  noted 
Tree,  Houfe,  or  any  other  remarkable  Thing,  thatObjedl  may  fervc 
inftead  of  a  Station  Staffs  and  it  will  be  convenient  to  black  the 
Sltavcs,  and  tie  a  Piece  of  white  Bunting  to  the  Top  of  each  :  Then 
in  the  Eye-Draught  put  Letters  at  the  noted  Points,  or  Marks,  for 
.Diftindtion  lake, 

Chufe 
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Chufe  the  tnoft  level  Spot  of  Ground^  vrherein  a  bafe  Line  may 
k  meafured,  of  one  or  more  Half  Miles  in  Lengthy  or  a  Length  of 
not  lefs  than  a  tenth  Part  of  the  Diftance  of  tl^  two  extreme  Obr 
jeSts  marked  for  obferving,  and  let  the  Diredlion  of  the  meafured 
Bafe  Line  be  fo  laid  out,  that  from  both  Ends  of  it  as  many  as  poffi-- 
ble  of  the  Station  Staves  before  planted^  or  the  Objeds  before  re« 
aiaWced,  may  be  feen.  The  Bearing  or  Pofuion  of  this  Bafe  mud: 
be  well  determined  by  Degrees  and  Minutes  ;  and  aNb  its  Length 
muft  be  accurately  meafured  to  Feet  and  Parts,  either  by  a  meafure^l 
Chain,  or  by  a  Piece  of  Log -line  of  lOO  Feet  long,  properly  marked 
at  the  End  of  every  lo  Feet,  and  each  End  Length  marked  at  every 
Foot. 

From  one  End  of  the  Bafe  obfervc  (with  any  Inftrument  proper 
to  take  Bearings)  the  Pofuion  or  Bearing  in  Decrees  and  Minutes^ 
of  all  the  Staves  or  Objedis" within  View,  and  write  them  down  or- 
derly ;  do  the  fame  from  the  other  End  of  the  Bafe,  and  let  all  the 
Bearings  be  corrected  by  the  Variation  of  the  Compafs. 

Then^  thefe  Meafures  and  corrected  Bearings  being  plotted  or  laid 
dowR)  will  give  the  moft  confpicuous  Points  of  the  Shore ;  the  inter- 
mediate Spaces  are  to  be  filled  up  from  the  Sketched  of  them  made  oa 
the  Spot. 

But  if  any  of  thefe  Objeds  fbould  fpread  on  either  Hand  fo  far  be« 
yond  the  Limits  of  the  Bafe,  that  at  either  End  thereof,  the  other  End 
and  thofe  Objeds  or  Staves  fhould  appear  nearly  in  the  fame  Di-> 
re£tion,  or  to  make  Angles  iiot  exceeding  about  lo  Degrees :  Or,  if 
fome  of  the  remarked  Obj^&  oan  be  (ten  only  from  one  End  of  the 
Bafe,  then  let  the  Bearings  of  fuch  Objeds  be  taken  from  a  Place 
whofe  Pofition  has  been  determined  from  both  Ends  of  the  meafured 
Bafe;  or  if  there  arc  fe vera!  remarked  Objefts,  which  cannot  be 
feen  from  neither  End  of  the  Bafe  Lines,  let  the  Bearings  'of  fuch 
Objefts  be  taken  from  each  df  the  two  Points,  whofe  Pofition  has  been 
taken  from  both  Ends  of  the  Bafe.  Or,  it  may  on  fome  Occafions, 
be  proper  to  chufc-  another  Place,  on  which  another -Bafe  of  a  con* 
venient  Length  may  be  meafured,  and  from  tbe  Extremities  ©f 
which  the  Ends  of  the  firft  Bafe  may  be  feen ;  ■  and  irifo  as  many  as 
can  be  of  the  remaining  Objedh  which  lay  too  obliquely  for  the  firft 
Bafe,  or  which  could  not  be  feen  from  it.  In  fuch  Manner  proceed, 
until  the  Bearings  are  taken  of  all  the  Points  judged  neceflary  for 
completing  the  Survey  of  the  Limits  of  the  Harbour. 

If  a  Bafe  of  a  fufficicnt  Length  cannot  be  meafured  in  one  right 
I/ine,  it  may  be  taken  in  two  adjoining  Lines,  as  the  two  Sides  of  a 
Triangle ;  the  included  Angle  being  accurately  taken,  and  the 
Bearing  of  either  Line. 

When  the  Outlines  or  Limits  of  an  Harbour,  Bav,  Road,  &c.  are 

delineated  by  the  preceding  Precepts  ;  Let  a  fmall  Veflirl  gO;OUt  to 

Sea,  and  lake  Drawings  of  the  Appearance  of  the  Land  and  its 

Bearings,  Saillikewife  into  the  Harbour,  and  draw  the  Appearance 
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of  its  Entrance  ;  take  particular  Notice  if  there  «re  arry  falfc  Re- 
femblance  of  the  Entrance,  by  which  Ships  may  be  deceived  and 
tun  into  Dartger ;  take  the  BearingSj'Of  -when  any  two  Objedts  be- 
ing brought  in  a  line  or  in  one,  will  lead  into  the  Harbour  without 
Banger,  when  it  can  be  done,  fearch  for  the  beft  anchoring  Places, 
and  if  poffible  denote  thofe  places  by  bringing  two  Objects  in  one,  if 
not,  the  exaft  Bearings  of  two  or  three  other  Objects,  fo  that  the 
Places  may  be  eafily  determined,  the  Chart  being  corredHy  drawn  j 
a  Compafs,  with  the  Variation  and  Scale  projijerly  fitted  to  the  Plan  ; 
the  IfleSj  Rocks,-  Sands,  &c.  marked  in  their  proper  Places ;  the 
Settling  and  Drift  of  the  Currents  and  Tides;  the  Times. of  High 
Water  on  the  Days  of  Full  and  New  Moon,  with  the  Rife  of  Water 
at  thofe  Times,  and  whether  whole  Tide,  and  Tide  arid  Part ;  the 
beft  anchoring  Places  with  their  Soundings  at  low  Water,  and  the 
Winds  open  to  them  ;  the  beft  Tirack^  with  the  Soundings-  all  the 
Way  to  thofe  anchoring  Places  j  the  proper  failing  Marks  to  avoid 
Dangers :  the  Winds,  if  any  troublefome  ones,  which  prevail,  and  • 
at  what  Seafons ;  the  Places  where  frefti  Water  can  be  got ;  the 
Name  of  the  Pl^pe,  the  Country  in;  on  what  Sea;  the  Latitude 
and  Longitude ;  a  Sketch  of  the  Appearance  the  Place  makes  at 
Sea  upon  a  known  Rhumb,  and  at  an  eftimated  Diftance  $  and 
whatever  elfe  a  judicious  Seaman  (hall  think  proper  to  infert ;  then  is 
the  Plan  fit  for  all  nautical  Purpofes,  and  may  be  enibellilhed  with 
proper  Colours,  if  neceflary. 

Sea  Draughts  taken  according  to  the  foregoing  Precepts,  and 
neatly  drawn  and  coloured,  befides  the  real  ufe  they  may  be  of,  can- 
not fail  to  recommend  the  youijg  Mariner,  who  furveys  and  con* 
firuds  them,  to  the  Notice  of  his  Superiors. 

To  reduce  a  Draught  to  a  larger  or  fmaller  Scale, 

With  a  Black  Lead  Pencil  draw  the  Draught  to  be  reduced  all 
over  with  crofs  Lines,  forming  exaft  Squares  ;  Draw  the  clean 
Paper  for  the  Copy  alfo  over  with  the  fame  Number  of  Squares,  but 
their  Sides  larger  or  fmaller  in  Proportion  to  the  intended  Size  of 
the  Scale ;  fuch  as  one-half,  one-fourth,  &c.  of  the  Length  of  the 
other.  Diftinguifli  by  a  ftronger  Line  and  Mark  with  a  Figure  every 
fifth  or  fixth  Row  of  Squares  in  both,  fo  that  the  feveral  correfpond^ 
ing  Squares  may  be  readily  perceived ;  then  in  each  of  the  Squares 
of  the  Draught,  draw,  by  the  Eye,  a  Curve  on  the  Paper  fimilar  to 
that  in  the  Square  in  the  Draught,  till  the  whole  is  copied,  make  the 
black  Lines  with  India  or  other  Ink,  and  when  drawn,  the  Biack-Lead 
Lines  may  be  rubbed  out  with  Bread,  or  India  Rubber, 

To  find  the  Height  and  Diflances  of  Objeds  at  Sea. 

When  the  Objeft  is  perpendicular,  and  the  Diftance  to  it  can  b« 
mcafurcd,  find  the  Angle  of  AltituJe  with  a  Quadrant,  arid  meafure 
the  Diftance  to  it  as  exaft  ^s  poffible,  then  you  have  the  Angles  and 

Bafe 
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Bafe,  to  find  the  Perpendicular ;  or,  if  you  go  backward  or  forward 
until  the  Angle  of  Altitude  be  45%  the  Diftance  between  you  and 
the  Objed  will  be  the  perpendicular  Height* 

EXAMPLE. 

Being  96  Fathoms  from  the  Bottom  of  a  Tower,  I  find  iu  Alt!* 
tude  (after  allowing  for  the  Height  of  my  Eye  above  the  Water j 
15^  lo';  required  the  Height? 

Draw  AB=96, 
upon  B  ere&  the 
Perpendicular  BC, 
and    draw    A  C^ 

making  an  Angle  ^  - 

with  AB  =  is«  lo*      ^  qK^ 

till    it    cuts    BC  ^ 

in  C ;  then  will  BC  be  the  Height  of  the  Tower  26,2. 

As  Radius  10.00000 

Is  to  the  Dift.  96  1.98227 

So  is  Tang.  Aug.  A       15^  10'  9*433^o 

To  the  Height  B  C  26.I  i. 41 535 

When  the  Obje£^  is  not  perpendrcular,  fuch  as  Hills,  Mountains, 
Rocks,  &c.  the  perpendicular  Height  may  beVound  by  obferving  the 
Altitude  at  any  convenient  Diftance,  and  then  going  either  farther 
off,  or  nearer  to  it,  in  a  ftraight  Line,  and  then  obferving  the  Altitude 
ags^in.  With  thefe  two  Angles,  and  the  Diftance  between  the  two 
Stations,  being  carefully  meafured,  the  perpendicular  Height  may  be 
found  either  by  Geometry  or  Trigonometry. 

EXAMPLE, 

Being  at  Sea^  I  obferved  the  Altitude  of  a  Mountain,  and  found 
it  V*\  and  then  failing  towards  it  in  a  dired  Line  3  Miles,  I  found 
the  Altitude  of  the  (kme  Mountain  to  be  12^  30' :  Required  the  per- 
pendicular Height  I 

Draw  the 
Bafe  A  D, 
and  at  A 
make        the 

Angle  D  AC     ^""  ii§6 

=8^  by  drawing  AC.  Set  off  from  A  to  B  3  Miles,  or  5180 
Yards,  and  at  %  make  the  Angle  DBC  12®  3c/,  by  drawing  the 
Line  B  C  to  cut  the  Line  A  C  in  C.  From  C  let  fall  the  Perpen* 
dicular  CD,  which  being  meafured;  will:.give  the  peifendicular 

K  k  (ieight 
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Height  of  the  Mountain  2027  Yards.    To  find  which  by  Calcula^ 
tion: 

Given  the  Angles  DAC  =  8^  and  DBC  =  I2*»  30'^  then  iz®  30' 
fubtraSed  from  180**  leaves  Angle  AEC  =  167°  30',  which  being 
added  to  Angle  A  8%  the  Sum  175*  30^  fubtra£ted  from  i8o%  leaves 
the  Angle  ACB  =:  4®  30',  whence  we  have  the  Angles  >  and  one 
Side  AB  528O  given,  to  find  the  Side  AC ;  then  it  will  be 

As  Sine  Ang.  BCAr:4^  30'  8.89464    As  Radius  10.00000 

Is  to  the  Side  AB    5280  '  3.72263     Is  to  Side  AC     14570         4*16333 
SoisS,  An.AEB=:i67°3o'  9.33534    So  is  Sine  An.  8"  9-I4355: 

13.05797  To  DC          2027               3*3o688 

8.89464  the  perpendicular  Height  of  the 

.-                                      ■           —  Mountain. 
•to  the  Side  AC    HJT^     4-  ^^33i 

In  like  Manner  may  the  Height  or  Diftance  of  any  acceflible  or 
inacceilible  Objeft  be  found,  either  at  Sea  or  on  Shore  j  add  the 
Angles  may  be  taken  with  a  Quadrant,  Semi-circle,  &c. 

Note.  The  Reafon  why  Angle  B  is  fubtra<5led  from  180°  is, 
becaufe  that  when  a  Right  Line  meets  with  another  Right  Line  and 
makes  Angles,  the  two  Angles  will  be  equal  to  180^.  (Eucl.  1. 13.) 

OF  the  Curvature  of  the  Earth. 

Moft  Perfons  know  that  if  the^are  raifed  above  the  Surface  of  the 
•djacent  Land  or  Water,  they  can  v6t  only  fee  different  Objedte  that 
lie  on  that  Surfece  better,  but  alfd  fee  rhofe  more  and  more  remote 
as  they  advance  higher.  The  Irregularity  of  the  Surfece  of  the 
Land  will  not  be  fubjc^ed  to  any  one  Rale  that  will  give  the  Dif- 
tance'to  which  Objeifts  tiiay  Jje  feen  at  different  Elevations;  but  at 
Sea,  where  there  is  generally  an  uniform  Curvature  of  the  Water, 
upon  the  Suppofition  of  the  fpherical  Figure  of  the  Earth,  thofc 
Diftances  may  be  eafily  computed.        '. 

Rule.  To  the  Earth's  Diameter  add  the  Height  of  the  Eye, 
multiply  the  Silpm  Ijy  that  Height;  "then  the  Square  Root  of  the 
Ptodua  is  the  Diftdfjce  at  which  an  Objeft  on  the  Surface  of  the 
Water  can  be.  feen  by  an  Eye  fo  elevated ;  and  by  this  Rule  was  the 
Table  annexed  computed,  the  Diameter  of  the  E^rth  being  taken  at 
41798117  Feet,  according  to  Sir  Ifaac  Newton's  Meafures.  This 
Table  may  be  (nfefully  applied  to  eftimate  the  Diftance  of  an  Ob- 
jeSt  at  Sea,  thi:"Elevatioh  of  that  Obje£l  above  its  Horizon  being 
known. 

EXAMPLE      L 

Sailing  towards  a  Head-land,  on  which  is  a  Light-Houfe,  ielevatei 
600  Feet  above  the  Surface  of  the  Water,  we  9mr  the  Lights  at 
Night  juft  appearing  in  the  Horizon.     How  far  W^e  we  at  that 
Time  diftant  from  the  Light-Houfe  i 
h\     -  Look 
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Look  in  the  Table  for  600  Feet,  in  the  Column  marked  Height 
in  Feet,  and  right  againft  it,  in  the  Column  marked  Diftance  in 
Miles,  ftands  29.994,  fo  that  the  Diftance  may  be  reckoned  about 
30  Miles. 

EXAMPLE     n. 

Being  in  Company  with  fome  Merchants  walking  on  a  fandy 
Shore,  on  the  Look-out  for  a  Vefiel  which  was  then  expected,  whoie 
Top-gallant  Maft  was  140  Feet  above  the  Surface,  Allowance  be- 
ing made  for  her  Immerfion  in  the  Water;  we  obferved,  through  a 
Tclefcope,  a  Ship's  Vane  juft  appearing  in  the  Horizon:  How  far 
off  is  that  Ship,  fuppofing  it  the  Veffel  expe<9:ed  ? 

Answer.  Againft  140  Feet,  the  Height  ftands  14,488,  that  is 
her  Diftance.  Here  is  no  Allowance  made  for  the  Height  of  the 
Eye  above  the  Horizon ;  but  it  is  obvious,  that  the  higher  the  Eye 
the  farther  it  can  fee.  Now  as  Objefts  are  feen  in  a  ftraight  Line, 
and  that  Line  is  a  Tangent  to  the  Earth's  Surface,  therefore,  it 
follows*,  that  to  find  the  Diftance  of  two  elevated  Objefts,  when  the 
right  Line  joining  them  touches  the  Surface  of  the  Eardi  between 
thofe  Obje&s,  look  for  the  Diftance  anfwering  to  each  Height,  and 
their  Sum  is  the  Diftance  required. 

Thus,  in  the  fecond  Example,  fuppofe  the  Eye  is  raifed  fix  Feet 
above  the  Water's  Edge,  it  can  fee  an  Objedl  on  the  Surface  2.999, 
or  3  Miles  off;  this  Diftance  added  to  the  14 1  Miles,  makes  Che 
Diftance  of  the  Ship  to  be  17 1  Miles. 

EXAMPLE     IIL 

A  Man  being  on  the  Main-top  gallant  Maft  of  a  Man  of  War  200 
Feet  above  the  Water,  fees  an  loo  Gun  Ship  flie  had  engaged  the 
Day  before  hull  to :  How  far  were  thofe  Ships  diftant  ? 

A  Ship  of  100  Guns,  or  a  firft  Rate  Man  of  War,  is  above  60 
Feet  from  the  Keel  to  the  Rails ;  from  which,  deduct  about  20  for 
3the  Draught  of  Water,  leaves  40  Feet  for  the  Height  of  her  Quar* 
jter  above  Water :  Now  a  Ship  is  feen  Hull  to,  when  her  Upper 
Works  j  lift  appear. 

Then  200  Feet  high  gives  17*316  Miles. 

And  againft  40  Feet  ftands         ^    7.744  Miles. 

Their  Sum,  which  is  25.060  Miles  is  their  Diftancei 

To  eftimatc*Diftanecs  by  Sound  fee  dBLiquE  Sailing; 

Kk2  ' A    TABLE 
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A  TABLE  for  finding  the  Diftance  of  Tcrreftrial  Objeas  at 

Sea. 
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[Though  the  follo\^ing  may  be  thought  ufelefs  to-  iSeamen,  it  may 
not  be  fo  to  many  Teachers  and  Learners,  as  there  are  excel- 
lent Mathematicians  whO|  on  Account  of  their  being  far  diftant 
from  any  Sea-port,  are  at  a  Lofs  for  the  Terms*  made  Ufe  of  at 
Sea.] 

An  Explanation  of  the  moft  ufeful  Sea 

Terms. 

JNCIEN.    The  old  Term  for  the  Flag,  which  is  now  called 

-"  Enfign. 

Aft^  or  Abaft.  The  Sternmoft  Part  of  the  Ship :  Carry  aft  any 
Thing ;  that  is,  carry  it  towards  the  Stern.  The  Maft  rakes  af^ 
that  is,  hangs  towards  the  Stern.  How  chear  ye  fore  and  aft? 
that  is,  how  fares  all  the  Ship's  Company  ? 

Amain,  The  old  Term  for  yield,  ufcd  by  Men  of  War  to  an 
Enemy ;  but  it  now  fignihes  any  Thing  done  fuddenly,  or  at 
once,  by  a  Number  of  Men. 

Aloft.     Over  Head,  or  above. 

Anchor.  The  Ipftrument  by  which  a  Ship  is  held.  The  Anchor  is 
foul  5  that  is,  |the  Cable  has  got  about  the  Fluke  of  the  Anchor. 
The  Anchor  is  a-peek;  that  is,  diredly  under  the  Hawfe-Hole  of 
the  Ship.  The  Anchor  is  a  cock-bill,  that  is,  hangs  up  and 
down  the  Ship's  Side. 

Av.ming.  A  Shelter  or  Screen  of  Canvas,  fpread  over  the  Decks  of 
a  Ship  to  keep  off  the  Heat  of  the  Sun.  Spread  the  Awning,  ex- 
tend it  fo  as  to  cover  the  Deck.  Furl  the  Awning,  that  is,  roll 
it  up. 

Aloof  is  Diftance.     Keep  aloof,  that  is,  keep  at  a  Dittance. 

Avajl.  A  Term  ufed  for  flop,  or  flay  j  as,  avaft  heaving ;  don't 
heave  any  more. 

Athwart.     Acrofs. 

^ale.  Bale  the  Boat ;  that  is,  to  lade  or  throw  the  Water  out  of 
her. 

Ballaft^  is  either  Pigs  of  Iron,  Stones  or  Gravel,  which  laft  is  called 
Shingle  Ballaft ;  and  their  Ufe  is  to  bring  the  Ship  down  to  her 
Bearings  in  the  Water,  which  her  Provifions  and  Stores  will  not 
do.  Trim  the  Ballaft,  tbat  is,  fpread  it  about,  and  lay  it  even. 
The  Ballaft  Choots,  that  is,  it  fhifts,  or  runs  over  from  one  Side 
of  the  Hold  to  the  other. 

Bearings  fignifies  tiie  Point  of  the  Compafs  which  any  two  or  more 
Places  bear  from  each  other,  or  how  any  Place  Dears  from  tlie 
Ship  by  the  Compafs ;  or  it  may  be  faid  to  bear  on  the  Beam, 
abaft  the  Beam,  on  the  Bow,  the  Head  or  Stern,  &c. 

Bearings  of  a  Ship,  is  that  Line  which  is  formed  by  the  Water  upon 
her  Sides  when  fhe  is  at  Anchor,  with  her  proper  Proportion  of 

Balkft 
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Ballaft  and  S^resx>n  Board*  To  bear  to,  is  to  fail  into  an  Har-» 
bour,  &c.  Bear  round  up ;  that  is,  put  her  right  before  the 
Wind.  jBring  your  Giias  to  bear«  is  to  point  them  to  the  Ob- 
jeft. 

^Bearing^upy  or  Bearing^dway.  The  A^  of  changing  the  Courfe  of 
a  Ship,  in  order  to  make  her  r«n  before  the  Wind,  after  (he  had 
(ailed  fome  Time  with  a  Side  Wind^  or  cjofe  hauled :  it  is  gene- 

..  jrally  performed  to  arrive  at  fome  Port  under  the  Lee,  or  to  avoid 
fome  imminent  Danger  occafioned  by  a  violent  Storm,  Leak,  or  an 
Enemy  in  Sight.  This  Phrafe,  which  is  abfurd  enough,  feems  to 
have  been  derived  from  the  Motion  of  the  Helm,  by  wSich  this  Ef- 
fect is  partly  produced ;  as  the  Helm  is  then  borne  up  to  the  Wind^ 
ward,. or  Weather  Side  of  the  Ship.  Othervirifc  it  is  a  direft 
Contradidlion  in  Terms,  to  fay  that  a  Ship  bears  up,  when  (he 
goes  before  the  Wiqd ;  fince  the  Current  of  the  Wind,  as  well  as 
that  of  a  River,  is  always  underftood  to  determine  the  Situation  of 
Objeds  or  Places  within  ijts  Limijts.  jln  the  firft  Senfe  we  fay, 
up  to  Windward  and  down  to  Leeward ;  as  in  the  latter  we  fay, 
up  or  down  the  River.  This  ExpreiEon,  however,  although  ex- 
tremely improper,  is  commonly  adopted  in  the  general  Inftruc«> 
tions  of  our  Navy,  printed  by  Authority,  i^ead  of  bearing  down^ 
or  bearing  away. 

J^laf.  To*  make  faft  any  running  Rope  5  as,  belay  the  Main  Brace> 
or  make  it  faft. 

Bind.  To  apply  to,  and  &ften ;  as,  bend  the  Sails,  apply  them  tq 
the  Yards,  and  faften  them  j  unbend  the  Sails,  that  is,  caft  them 
off,  and  take  them  from  the  Yards ;  her  Sails  are  unbent,  fhe  ha» 
none  fixed  ;  bend  the  Cable,  make  it  faft  to  the  Anchor. 

Birth*  A  Place ;  as  the  Ship's  Birth,  the  Place  where  {he  is 
moored  ;  an  Officer's  Birth,  his  Place  in  the  Ship  to  eat  or  fleep 
in ;  birth  the  Ship's  Company,  that  is,  allot  them  their  Places  to 
mefs  in ;  birth  the  Hammocks,  point  out  where  each  man's  Ham- 
mock is  to  hang. 

Bight  of  a  Rope.  Any  Part  between  the  two  Ends.  Bight,  a  nar^- 
row  Inlet  of  the  Sea. 

Bilg^*  To  break.  The  Ship  is  bilged,  that  is,  her  Planks  are 
broken  in  by  Violence. 

Binnacle.     A  Kind  of  Box  to  contain  the  Compaffes  upon  Deck. 

Bitis.  Very  large  Pieces  of  Timber  in  the  fore  Part  of  the  Ship, 
round  which  the  Cables  are  faftened  when  the  Ship  is  at  Anchor, 
After  Bitts,  a  fmaller  Kind  of  Bitts  upon  the  Quarter  Deck,  for 
belaying  the  running  Rigging  to.  ^ 

Bonnet  of  a  Sail.  Is  an  additional  Piece  of  Canvas  put  to  the  Sail 
in  moderate  Weather  to  hold  more  Wind.  Lace  on  the  Boniyt, 
that  is,  faften  it  to  the  Sail.     Shake  off  the  Bonnet,  take  it  off. 

B^trd.  To  board  a  Ship,  is  to  enter  it  in  an  hoftite  Manner  by 
Force*    Board  and  Boards  is  when  two  Ships  touch  each  other, 

I  To 
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To  make  a  Board,  is  making  a  Stretch  upon  an\(  Tack,  when  « 

Ship  is  working  upon  a  Wind.     To  board  it  up,  that  is,,  to  turn 

to  Windward.     The  Ship  has  made  k  Stern-Boardy  tbstt  is,  when 

{he  lofes  Ground  in  working  upon  a  Wind* 
'Break  Bulk,     To  open  the  Hold,  and  take  Goods  thereout- 
Batten.     A  thin  Piece  of  Woo^.     Batten  down  the  Hatches,  is  td 

lay  Battens  upon  the  Edges  of  the  Tarpaulins,  which  are  over  the 

Hatches  in  bad  Weather,  and  nail  them  down,  that  they  may  liot 

be  walhed  off. 
Buoy.     A  floating   conical  Cafk,   moored  upon  Shoals,   to  (hew 

where  the  Danger  is ;  alfo  ufed  to  Anchors,  to  (bew  where  they 

lie,  in  cafe  of  the  Cable  breaking. 
Block*     A  Piece  of  Wood  with  running  Sheaves  or  Wheels  in  it^ 

through  which  the  running  Rigging  is  paffed,  to  add  to  th6  Pur- 
chafe. 
By-aces.    The  Ropes  by  which  the  Yards  are  turned  about  to  fbrai 

the  Sails  to  the  Wind.  .-   '  . 

Bowfprit,     A  large  Maft  or  Piece  of  Timber,  whicb.ftands  out  firoin 

the  Bows  of  a  Ship.  ..:. 

Bulk'head.     A  Partition.  .  :j  :. 

Bolter  ope.    The  Rope  which  goes  round^  a  Sail,  and  to  which,  the 

Canvas  is  fewed. 
Bow-lines.     Lines  made  fail  to  the  Sides  of  the  Sails  to  haul  thetn 

forward  when  upon  a  Wind,  which  being  hauled  tort,  enables  the 

Ship  to  come  nearer  to  the  Wind. 
Bunt-lines.     Lines  that  come  down  from  the  Top  of  the  Maft  to  the 

Beam  of  the  Outfide  of  the  Sail,  and  by  which  the  Bunt  or  Belly 

of  the  Sail  is  hauled  up  outwards. 
Broach-to,    Is  when  a  Ship  on  a  fudden  lays  her  Broadfide  to  the  Sea, 

and  is  dangerous  in  bad  Weather. 
Chafe.     A  Purfuit.     To  chafe,  to  purfue.     The  Chafe,  the  Veffel 

purfued. 
Careening,     To  bring  a  Ship  down  on  one  Side,  fo  as  to  get  at  the 

other  Side  to  repair  or  clean  it. 
Caulking.     Filling  the  Seams  of  a  Ship  with  Oakum. 
Cun,     To  direft.     To  cun  a  Ship,  is  to  direft  the  Man  at  the  Helm 
•    how  to  fteer. 

Courfe,     The  Point  of  the  Compafs  upon  which  the  Ship  fails* 
-    Courfes,  a  Ship's  lower  Sails ;  as  the  J*' ore-fail  is  the  Fore  Courfe, 

the  Main-fail  the  Main  Courfe,    &c.     The  Ship  is  under  her 

Courfes,  that  is,  has  no  Sail  fet  but  the  Main-fail,  Fore-fail,  and 

Mizen. 
Co7ne  no  near.     Is  faid  by  the  Man  at  the  Cun,  when  the  Ship  is  upok 

a  Wind,  and  is  coming  too  near  the  Wind.  •  >• 
Chains,     A  Place  built  on  the  Sides,  of  the  Ship  projeSing  out,  and 

at  which  the  Shrouds  are  faftened,  for  the  Purpofe  of  giving  them 

a  greater  Angle  tlun  they  could  have  if  fafened  to  ^he  Shif^i 

Side, 
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Side,   and  of  icourfe  giving  them  greater  Pow^r  to  fecure  thtf 
.    Mail. 
Cham- Plates^  are  Plates  of  Iron  feftened  to  the  Ship's  Sides  under 

the  Chains,  and  to  thefe  Plates  tbe  dead  Eyes  are  faftened  by  other 

Plates. 
Cafftan.     An  Inftrument  by  which  the  Anchor  is  weighed  out  of  the 

.  Ground,  it  being  a  great  mechanical  Power,  and  is  ufed  for  fett- 

,ing  up  the  Shrouds,  and  other  Work  where  great  Purchafes  are 

required. 
Cat*heads*     The  Timbers  on  Ships  Bows,  with  Sheaves  in  them,  by 

which. the  Anchor  is  purchafcd  from  the  Hawfe^  and  by  which  it 

is  fecured  to  the  Ship's  Side. 
Capjife.     Overturn.     Ihe  Boat  capiifed,  that  is,  overfet.     CUpfife 

the  Quoil  of  Rope,  that  is,  turn  it  over. 
Call.     A  Silver  Pipe  ufed  by  the  Boatfwain  and  his  Mates  when  on 

Duty. 
dew.     To  haul  up  the  Sails  by  the  Clew-lines. 
CUw'limSj  are  Ropes  v^hich  come  down  from  the  Maft  to  the  lower 

Corners  of  the  Sails,  and  by  which  the  Corners  or  Clews  of  the 

Sails  are  hauled  up. 
CroW'faoti  is  a  Number  of  fmall  Lines  fpread  from  the  fore  Parts  of 

the  Topsj  by  Means  of  the  Piece  of  Wood  through  which  they 

pafs,  and  being  hauled  tort  upon  the  Stays,  they  prevent  the  Foot 

of  the  Top- Sails  catching  upon  the  Top  Rim  3  they  are  alfo  ufed 

to  fufpend  the  Awnings. 
Crank.     The  Ship  is  crank,  that  is,  fhe  has  not  a  fufficient  Cargo 

or  Ballaft  to  render  her  capable  of  carrying  Sail,  without  being 

expofed  to  the  Danger  of  overfetting. 
Dead  Water.     The  Eddie  Water  at  the  Stern  of  a  Ship. 
Douce.     To  ftrike  or  haul  down ;  as,  douce  the  Top-gallant  Sails, 

that  is,  lower  them. 
Dunnage.     A  Quantity  of  loofe'Wcod,  &c.  laid  at  the  Bottom  of  a 

Ship,  to  keep  the  Goods  from  being  damaged. 
Dog'Vane.     A  fmall  Vane  made  with  Feathers  and  Cork,  and  placed 

on  the  Ship's  Quarter  for  the  Men  at  the  Cun  and  Helm,  to  fee 

the  Courfe  of  the  Wind  by. 
Dog-watch.     The  Watches  from  Four  to  Six,   and  from  Six  to 

Eight  in  the  Evening. 
jpifpart  a  Piece  of  Ordnance,  is  to  find  the  Difference  of  the  Diame- 
ters betwixt  the  Breach  and  the  Mouth  of  the  Cannon. 
Dead'Lights.     A  Kind  of  Window-Shutter  for  the  Windows  in  the 

Stern  of  the  Ship,  ufed  in  very  bad  Weather  only. 
Dead'-lFind.     The  Wind  right  againft  the  Ship,  or  blowing  from 

the  very  Point  to  which  Ihe  wants  to  go. 
Dead"  Eyes.     Blocks  of  Wood  through  which  the  Lanyards  of-tho 
.'    Shrouds  are, reeved. 
Driver.     A  large  Sail  fet  uf  on  tHe  Mizen  Yard  in  light  Winds. 

Drive. 
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Drive.    The  Ship  drives,  that  is,  her  Anchor  comes  through  the 

ground. 
D<ywn'halL     The  Rope  by  which  any  Sail  is  hauled  down  j  as  the 

jibb  down-hall. 
Enjign.     The  Flag  worn  at  the  Stern  of  a  Ship. 
Engagement.    A£Hon  or  Fight. 
Entering  Port,     A  large  Port  in  the  Sidds  of  Threc-decker?i  leading 

into  the  middle  Deck,  to  fave  the  Trouble  of  going  up  the  Ship's 

Side  to  get  on  Board. 
End  for  End.     A  Term  ufed  when  a  Rope  runs  all  out  a  Block,  and 

is  unrecved ;  or  in  comine  to  an  Anchor,  if  the  Stoppers  are  not 

well  put  on,  and  the  Cable  runs  all  out,  it  is  faid  to  have  gone 

out  End  for  End. 
EILoWj  in  the  Haw/e.     Is  when  a  Ship  being  moored,  has  gone 

round  upon  the  Shifting  of  the  Tides,  twice  the  wrong  Way,, fa 

as  to  lay  the  Cables  one  over  the  other :  having  gone  once  wrong, 

(he  makes  a  Crofs  in  the  Hawfe,  and  going  three  Times  wrong, 

(he  makes  a  round  Turn. 
Fathom,     A  Meafure  of  fix  Feet. 

Facky  or  Fake.     One  Circle  of  any  Rope  or  Cable  quoiled. 
Furl  the  Sail.     Wrap  it  up  clofe,  and  bind  it  upon  the  Yard. 
Fijh,     A  large  Piece  of  Wood.     Fifli  the  Maft,  apply  a  large  Piece 

of  Wood  to  it  to  ftrengthen  it. 
Flag*    A  general  Name  for  Colours  worn  and  ufed  by  Ships  of  War» 
Fall  off.     To  fall  to  Leeward,  or  a-ftern. 
Foreward.     To  the  fore  Part  of  the  Ship. 
Forecajlle.     The  upper  Deck  in  the  fore  Part  of  the  Ship. 
Frejhen  the  Ballaft.     Divide  to  feparate  it. 
Fid.     A  fquare  Bar  of  Wood  or  Iron,  with  Shoulders  at  one  End  % 

it  is  ufed  to  fupport  the  Weight  of  the  Top- maft,  when  ereded  at 

the  Head  of  the  Lower-maft. 
Fid  for  Splicing.      A  large  Piece  of  Wood  of  a  Conical  Figure, 

ufed  to  extend  the  Strands  and  Layers  of  Cables  in  fnlicing. 
For er each.     To  fhoot  a-head,  or  go  paft  another  Veflel. 
Fijh'hook.     A  large  Hook  by  which  the  Anchor  is  received  from 

under  the  Havvfe,  and  brought  £0  the  Cat-head :  and  the  Tackle 

which  is  ufed  for  this  Purpofe  is  called  the  Fifli-Tackle. 
Gage  of  the  Ship.    Her  Depth  of  Water,  or  what  Water  Ihe  draws* 
Greave.     To  burn  off  the  Filth  from  her  Bottom- 
Gripe  of  a  Ship.   That  thin  Part  of  her  which  is  under  Counter ;  and 

to  which  the  Stem-Poft  joins.     The  Ship  gripes,  that  is,  turn^ 
4ier  Head  too  much  to  the  Wind. 
Ground-Tier.     That  is,  the  Tier  of  Water  Cafks  which  is  loweft  in 

the  Hold,  and  is  among  tiie  Shingle  Ballaft. 
Ground-Tackle^  Is  Cables,  Anchors,  Grapenels,  Hawfers,  &c. 
Grappling-iron,     A  Thing  in  the  Nature  of  an  Anchor,  with  four  or 

fix  Flukes  to  it. 
Gammon  the  Bowfprit.     Secure  it  by  many  Turns  of  a  flrong  Rope 

LI  palled 
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pafied  round  it,  and  into  the  Catwater,  to  prevent  it  from  having 
too  much  Motion. 
Girt,    The  Ship  is  girt  with  her  Cables  when  (he  is  too  tight  moored. 
Gun-Room.     A  Divifion  of  the  Lower-Deck  abaft,  inclofed  vi^ith 

Net- work,  for  the  Ufe  of  the  Gunnef-  and  Junior  Lieutenant,  and 

in  which  their  Cabins  ftand. 
GunmL    The  large  Timber  that  runs  along  upon  the  upp^r  Part  of 

a  Ship's  Side. 
GaJkeU     The  Rope  which  is  paffed  round  the  Sail  to  bind  it  to  the 

Yard  when  it  is  furled. 
GrumnutU     A  Piece  of  Rope  laid  into  a  circular  Form,  and  ufed 

for  large  Boats  Oars  inftead  of  Rowlocks,  and  alfo  for  many  other 

Purpofes, 
Helm,     The  Itiftrument  by  which  the  Ship  is  fteered,  and  includes 

both  the  Wheel  and  the  Tiller,  as  one  general  Term. 
HelnCs  a  Lea.     That  is,  the  Tiller  is  quite  down  to  Leeward. 
Hard  a  Weather.     Put  the  Tiller  quite  up  to  Windward. 
Haul.     Pull. 

Heave  the  Capjian.    That  is,  turn  it  round  with  the  Bars. 
Heave  handfomely.     Heave  gently  or  leifurely. 
Heave  hearty.     Heave  ftrong  and  quick. 
Heave  of  the  Sea,  Is  the  Power  that  the  Swell  of  the  Sea  has  upon 

a  Ship  in  driving  her  out,  or  fafter  on,  in  her  Ceurfe,  and  for 

which  Allowance  is  made  in  the  Day's  Work. 
Hail.     To  call  to  another  Ship. 
Halyards.     The  Ropes  by  which  the  Sails  are  hoifted,  as  the  Tppr 

fail  Halyards,  the  Jibb  Halyards,  &c. 
Hawfe  Holes.     The  Holes  in  the  Rows  of  the  Ship  through  which 

the  Cables  pafs,     Frefher  Ha>vfe,  veer  out  more  Cable.     Clap  a 

Service  in   the  Hawfe,   put  fomewhat  round  the  Cable  at  the 

Hawfe-hole  to  prevent  its  chaffing.     To  clear  Hawfe,  is.to  un-. 

twift  the  Cables  when  a  Ship  is  moored,  and  has  got  a  foul  Hawfe. 

Athwart  t|awfe  is  to  be  acrofs  or  before  another  Ship's  Head. 
Hawfer.     A  imall  Kind  of  Cable. 
Hitch.     Tqmakefaft. 
Hoijl.     To  hawl,  fway,  or  lift  up... 
Heelj  or  incline.     She  heels  to  Port,  that  is,  inclines  or  lays  down 

upon  her  larboard  or  left  Side.     • 
tioldj  is  the  Space  between  the  lower  Deck  and  the  Bottom  of  a 
.  Ship,  and  where  her  Stores,  &c.  lie.     To  ftow  the  Hold,  is  to 

place  the  Things  in  it. 
Hu/lof  the  Ship,     The  Body  of  it.    .To  lay  a  Hull,  is  to  lay  to, 
^.  with  only  a  fmall  Sail  in  a  Gale  of  Wind.     To  hull  a  Veflel,  is 

to  fire  a  Shot  into  anv  Part  of  her  Hi;ll. 
HulUdown,  is  when  a  ohip  is  fQ  far  olF,  that  vou  can  only  fee  her 

Mafts.  ^         .  ^ 

tiulk.     A  Ship  without  Mafts  or  Rigging;  alfo  a  Veffel  to  re- 
move Mafts  into  or  out  of  Ships  by  Means  of  Sheers,  from  whence 
;   they  are  called  Sheer  Hulks.       . .       * 

Jeer 


EXPLANATION  OF  THE  SEA  TERMS.  tSf 

Jeer  Blocks.     The  Blocks  through  which  Jeers  are  drove. 
Jeers.     The  Ropes  by  which  the  lower  Yards  are  fufpendcd. 
Jolly  Boat.     A  fmall  Boat. 
ym.     The  foremoft  Sail  of  a  Ship,  fet  upon  a  Boom  which  runs 

out  from  the  Bowfprit. 
Jibb'Boom.     A  Spar  that  runs  out  upon  the  Bowfprit. 
Junk.     Old  Cable,  or  old  Rope. 
JCnot^  fignifies  a  Mile. 
Keel-haul.    To  drag  a  Perfon  backwards  and  forwards  under  a  Ship's 

Keel  for  certain  Offences.     This  Praftice  is  now  laid  afide  in  the 

Britifti  Navy,  but  is  ufed  by  other  Powers. 
Kntppers.     A  large  Kind  of  plated  Rope,  which  being  twifted  rounds 

the  Meflenger  and  Cable  in  weighing,  bind  them  together. 
Logj  and  Log-line^  by  which  the  Ship's  Path  is  meafured,  and  her 

Rate  of  going  afcertained.    Log-board,  on  which  is  marked  the 

TranfaQions  of  the  Ship,  and  from  thence  it  is  copied  into  th« 

Log-book  every  twelve  Hours. 
Larboard.     Left ;  as,  Larboard  Side,  left  Side. 
Labours.     That  is,  the  Ship  rolls  and  tumbles  much. 
Landfall.     The  DKcovery  of  the  Land. 
Land-locked.     Sheltered  all  round  by  the  Land,,  fo  that  there  is  no 

View  of  the  Sea. 
Lajh.     To  bind. 

Lanch-ho^  fignifies  high  enough,  or  avaft. 
Leeward.     With  the  Wind,   or  towards  the  Point  to  which  the 

Wind  blows. 
Lee^Shore^  i^  that  upon  or  againft  which  the  Wind  blows. 
Luff^  or  Loofe^    fignifies  come  nearer  to  the  Wind,   or  bring  the 

Ship's  Head  up  more  to  Windward. 
Lj/}.     Incline.     The  Ship  has  a-lift  to  Port,  that  is,  ihe  heels  to 

the  Larboard. 
Lanyards  of  the  Shrouds,  are  the  fmall  Ropes  at  the  Ends  of  them, 

by  which  they  are  hove  taut,  or  tight. 
Lifts.     The  Ropes  which  come  to  the  Ends  of  the  Yards  from  the 

Maft-heads,  and  by  which  the  Yards  are  tofTed  up  and  down. 
Mafl.     The  upright  Timbers  or  Trees  on  which  the  Yards  and 

Sails  are  fet. 
Mizen-MaJ}.     That  Maft  which  ftands  abaft,  and  from  which  its 

Rigging  and  Sails  are  named;  as  of  the  Sails,  Mizen,  Mizen- 

Top-fail,  &c.  and  fo  alfo  are  the  other  Sails,  &c.  named  from 

the  other  Marts. 
Moor^  is  to  fecure  a  Ship  with  two  Anchors. 
Mend  the  Service.     Put  on  more  Service. 
Moufe.     A  Kind  of  Ball  or  Knob,  wrought  upon  the  Collar  of  the 

"Stays. 
Mujier.     To  afTemble. 
Mejfenger.     A  fmall  Kind  of  Cable,    which  being  brought  to  the 

Capftan,  and  the  Cable  by  which  the  Ship  rides  made  faft  to  it,  it 

purchafes  the  Anchor. 
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Nun  Busy.     The  Kind  of  Buoys  ufcd  by  Ships  of  War. 

Neip  Tides.    The  Tides  in  the  firft  and  laft  Quarter  of  the  Moon, 

and  are  not  either  fo  high,  fo  low,  or  fo  rapid  as  Spring  Tides. 

A  Ship  is  faid  to  be  benciped,  when  fhe  has  not  Water  enough  to 

take  her  ofF  the  Ground,  or  over  the  Bar,  &c. 
Nothing  off.    A  Term  ufed  by  the  Man  at  the  Cun  to  the  Steerf- 

man,  direding  him  not  to  go  from  the  Wind. 
Narrows.  A  fmall  Paflage  between  two  Lands. 
Offing.     To  Seaward  from  the  Land.     A  Ship  is  in  the  Ofpng,  that 

is,  (he  is  to  Seaward,  at  a  Diftance  from  the  Land.     She  flands 

for  the  OfEng,  that  is,  towards  the  Sea. 
Over-board.     Out  of  the  Ship  ;  ^s,  he  fell  over-board,  ipeanings  hQ 

fell  out  of,  or  from  the  Ship. 
On  Board.     Within  the  Ship ;  as,  he  is  come  on  Board. 
Oakam.     Old  Rope  untwifted  and  pulled  open. 
Orlop,     The  Deck  on  which  the  Cables  are  ftowed. 
Overhaul.     To  clear  away  and  difentangle  any  Rope ;  alfo  to  cohie 

up  with  the  Chafe  \  as,  we  overhaul  her,  that  is,  we  gain  ground 

of  her. 
Pay  the  Seams.     That  is,  to  pour  hot  Pitch  and  Tar  upon  the  Seam$ 

after  Caulking. 
Purchafe.     To  purchafo  the  Anchor,   is  to  loofen  it  out  of  thp 

Ground. 
Peck.     To  tide  a  Stay-Peck,  is  when  the  Cable  and  the  Fore-rStay 

form  a  Line.     To  ride  a  fliort  Peck,  is  when  the  Cable  is  fp 

much  in  as  to  deftroy  the  Line  formed  by  the  Stay-Peck.     To 

ride  with  the  Yards  a  Peck,  is  to  have  them  topped  up  by  con-t 

trary  Lifts,  fo  as  to  reprefent  a  St.  Andrew's  Crofs. 
Ports.    The  Holes  in  the  Ship's  Sides  from  which  the  Guns  are 

fired. 
Pudding  and  Dolphin.     A  large  and  leffer  Pad  made  of  Ropes,  and 

put  round  the  Mafts  under  the  lower  Yards. 
Pay  out  the  Cable.     That  is,  (hove  it  out  at  the  Hawfe  f^oles. 
Pendant.     The  long  narrow  Flag  worn  at  the  Maft-Head  by  aU 

Ships  of  the  Royal  Navy.     Brace  Pendants  are  thofe  Ropes  which 

fecure  the  Brace-Blocks  to  the  Yard-Arms,  and  are  always  double, 

in  cafe  of  one  being  (hot  av/ay,  the  other  may  fecure  the  Yard 

in  its  proper  Pofition. 
Parcel  a  Rope.     Is  to  put  a  Quantity  of  old  Canvas  round  it  before 

the  Service  is  put  on. 
Parcel  a  Seam.     Is  to  lay  a  narrow  Piece  of  Canvas  over  it  after  i^ 

is  caulked,  before  it  is  payed. 
PfTt.     Ufed  for  Larboard,  or  the  left  Side  j   alfo  a  Harbour  or 

Haven. 
Pmts.     A  Number  of  plated  Ropes  made  faft  to  the  Sails  for  the 

Purpofe  of  Reefing. 
^(?/V,  is  a  F<.ope  «r  Cable  laid  up  round,  one  Fake  over  another. 

garters., 
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garters.    The  refpcftive  Stations  of  the  Officers  and  People  in 

Time  of  Aftion.     Quartering,  diftributing  the  Men  to  different 

Places.     Quarter  Bill,  the  Lift  of  the  Ship's  Company,  with  their 

Stations  for  Adion  noticed. 
garter  IVind,  is  when  the  Wind  blows  in  abaft  the  main  Shrouds. 
Reeve.     To  reeve  a  Rope,  is  to  put  it  through  a  Block,  and  to 

unreeve  it  is  to  take  it  out  of  the  Block. 
Rowfe  in  the  Cable.    Haul  it  in,  and  make  it  taut,  or  tight. 
fieach  of  a  River.     The  Diftance  between  any  two  Points  of  Land 

that  lie  in  ti  right  Line  from  each  other.  ^ 

Rule  at  Anchor^  is  when  a  Ship  is  held  by  her  Anchors,  and  is  not 

driven  by  Wind  or  Tide.     To  ride  athwart,  is  to  ride  with  the 

Ship's  Side  to  the  Tide.     To  ride  Hawfe  fallen,   is  when  the 

Water  breaks  into  the  Hawfe  in  a  rough  Sea. 
Road.     A  Place  near  the  Land  where  Ships  may  anchor,  but  which 

is  not  flieltered. 
Rounding.     Old  Ropes  ufed  to  put  in  between  the  Layers  of  the  Ca« 

ble  before  it  is  fewed» 
Ratlines.     The  fmall  Ropes  fattened  to  the  Shrouds,  by  which  the 

Men  go  aloft. 
Rother^  or  Rudder.     The  Machine  by  which  the  Ship  is  ftcered. 
Rulfock.     The  Nitch  in  a  Boat's  Side,  in  which  the  Oars  are  ufed. 
Strike.     A  Term  for  yield  or  furrendfer,  ufed  to  an  Enemy. 
Splice.     To  make  two  Ends  of  Ropes  faft  together,  by  untwifting 

them,  and  then  putting  the  Strands  of  one  Piece  with  the  Strands 

of  the  other. 
Serve.    To  wind  fomething  about  a  Rope  to  prevent  it  from  chafing 

or  fretting.     The  Service  is  the  Thing  fo  wound  about  the  Rope. 
Scaze.     To  bind  or  make  faft. 
She/andsj  or  fends.     When  the  Ship's  Head  or  Stern  falls  deep  in 

the  Trough  of  the  Sea. 
Settle.    To  lower  ;  as  fettle  the  Top-fail  Halyards,  lower  them. 
Sounds     To  try  the  Depth  of  Water ;  alfo  a  deep  Bay. 
Sheer.     The.  Sheer  of  the  Ship  is  the  Cufve  that  is  between  her 

Head  and  her  Stern,  upon  her  Side.     I'he  Ship  ftieers  about,  that 

is,  Ihe  goes  in  and  out. 
Sheers^  are  Spars  lafbed  together,  and  raifed  up  for  the  Purpofe  of 

getting  out  or  in  a  Maft.        y 
Scudd.     To  go  right  before  the  Wind ;  and  going  in  this  Direction 

withoMt  ai)y  S^il  fet  is  called  Spooning. 
Steeve.     Turning  up.     The  Bowfprit  fteeves  too  much,  that  is,  it 

is  too  upi;ight» 
Spring  Tidesj   ^re  the  Tides  at  new  and  full  Moon,    which  flow 

higheft,  and  ebb  loweft. 
Spilltng'UneSy  are  Ropes  contrived  to  keep  the  Sails  from  being  blowii 

away  when  they  are  clewed  up,  in  blowing  Weather. 
$tarbocird.     The  right  Side. 

Spur^ 


t70  EXPLANATION  OF  THE  SEA  TERMS. 

Spur-Sboes^  are  large  Pieces  of  Timber  which  come  up  abaft  the 

Pump  Well. 
'  Spurling'Unej  is  a  Line  that  goes  round  a  fmall  Barrel,  abaft  the 

Barrel  of  the  Wheel,  and  coming  to  the  Front  Beam  of  the  Poop 

Deck,  moves  the  Tell-tale  with  the  Turning  of  the  Wheel,  and 

keeps  it  always  in  fuch  Pofition,  as  to  (hew  the  Pofition  of  the 

Tiller. 
Spear  of  the  Pump*     The  Handle  of  an  Hand-Pump. 
Steady.     A  Term  ufed  by  the  Man  at  the  Cun  to  the  Steerfman, 

when  (ailing  before  the  Wind,  to  keep  the  Ship  as  (he  goes. 
Sw(fy  away,     Hoift. 
Stretch  out.     A  Term  ufed  to  Men  in  a  Boat  when  they  fliould  pull 

ftrong. 
Swabb.    A  Kind  of  large  Mop  made  of  Junk  to  dean  a  Ship's  Deck 

with.  - 

Sinnett.     A  fmall  platted  Rope,  made  from  Rope  Yarns. 
Stem.     She  does  not  ftem  the  Tide ;  that  is,  fhe  does  not  go  thro* 

it,  or  cannot  make  Head  againft  it,  for  Want  of  Wind. 
Stiedy  or  Sewed.     When  a  Ship  is  on  Shore,  and  the  Water  leaves 

her,  (he  is  faid  to  be  fued ;  if  the  Water  leaves  her  two  Foot,  (he 

fues,  or  is  fued  two  Foot. 
Sfays.    Large  Ropes  coming  from  the  Maft  Heads  down  before  the 

Mails,  to  prevent  them  from  fpringing,  when  the  Ship  is  fending 

deep. 
Spring'StaySj   are  rather  fmaller  than  the  Stays,  and  placed  above 

them,  and  intended  to  anfwer  the  Purpofe  of  the  Stay  if  it  Ibould 

be  (hot  away,  &c. 
Spring.     To  breaks   as  to  fpring  a  Maft  or  Yard,  is  to  fplit  or 

break  it. 
Shank  Painter.     The  Rope  by  which  the  Shank  of  the  Anchor  is 

held  up  to  the  Ship's  Side  ^  it  is  made  faft  to  a  Piece  of  Iron 

Chain,  in  which  the  Shank  of  the  Anchor  lodges. 
Stoppers.     Large  Kind  of  Ropes,  which  being  fafteiied  to  the  Cable 

in  different  Places  abaft  the  Bitts,  are  an  additional  Security  to 

the  Ship  at  Anchor. 
Tack.     To  go  about. 
Trey  Sail.    A  fmall  Sail  ufed  by  Cutters  and  Brigs  in  blowing'Wea- 

ther. 
Tell-tale.     An  Inftrument  which  traverfes  upon  an  Index  in  the 

Front  of  the  Poop  Deck,  to  (hew  the  Pofition  of  the  Tiller. 
Traverfe.     To  go  backwards  and  forwards, 
TtUer.     A  large  Piece  of  Wood,  or  Beam,  put  into  the  Head  of  the 

Rudder,  and  by  Means  of  which  the  Rudder  is  moved, 
Tort^  or  Taut^  fignifics  tight. 
Trice^  Trice  up.     To  haul  up  and  faften. 
Tarpaulin.     A  Cloth  of  Canvas  covciied  with  Tar  and  Saw-duft,  or 

fome  other  Compofition,  fo  as  to  make  it  Water  Proof. 
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Tide-gate*     A  Place  where  the  Tide  runs  ftrong. 

Tide  it  up.     To  go  with  the  Tide  againft  the  Wind. 

Tsw.    To  drag'.    The  Ship  tows  her  Boats,  that  is,  drags  or  draws 

them  after  her. 
Truck.     A  round  Piece  of  Wo6d  put  upon  the  Top  of  Flag-Staves, 

with  Sheaves  on  each  Side  for  the  Halyards  of  the  Flags  to  reeve 

in.  . 

Tier.     A  Row ;  as  a  Tier  of  Guns,  a  Tier  of  Cafks,  &c. 
Trunions  of  a  Gun,  are  the  Arms  cr  Pieces  of  Iron  by  which  it 

hangs  on  the  Carriage. 
Tampions^  or  Tomkins.     The  Bung,  or  Piece  of  Wood,  by  which 

the  Mouth  of  the  Cannon  is  filled  to  keep  out  Wet.     •     -   '        > 
Truck  of  a  Gun  Carriage,  is  the  Wheel  upon  which  it  rang[, 
Uvrou.     The  Piece  of  Wood  by  which  the  Legs  oV  the  Crow-foot 

are  extended. 
Unfurl.     Caft  loofe  the  Gafket  of  the  SaQ. 
Unbend.     Caft  ofF  the  Sail  from  the  Yard. 

Under  Way.     When  a  Ship  is  failing,  flie  is  faid  to  be  under  Way, 
Veer.     Let  out,  as  veer  away  the  Cable. 
Veer^  or  Wear  the  Ship.     That  is,  put  her  about  with  her  Head  to 

Leeward,  the  contrary  Way  to  tacking. 
Veer.     Shift.  .  The  Wind  veers,  that  is,  it  fliifts  or  changes. 
Violy  or  VoyoL     A  Block,  through  which  the  Meffenger  pafles  ia 

weighing  the  Anchor.     A  large  Meflenger  is  called  a  Viol. 
Vane.     A  fmall  Kind  of  Flag  worn  at  each  Maft-Head. 
IVake.     The  Path  or  Track  imprefled  on  the  Water  by  the  Ship's 

pafling  through  it,  leaving  a  Smoothnefs  in  the  Sea  behind  it.    A 

Ship  is  faid  to  come  into  the  Wake  of  another  when  ftie  follows 

her  in  the  fame  Track,  and  is  chiefly  done  in  bringing  Ships  to,, 

or  in  forming  the  Line  of  Battle. 
Weather.     To  weather  any  Thing,  is  to  go  to  Windward  of  it. 
Wales^  are  ftrong  Timbers  that  go  round  a .  Ship  a  little  above  her. 

Waiter  Line. 
Water-Line.     The  Line  made  by  the  Water's  Edge  when  a  Ship 

has  her  full  Proportion  of  Stores,  &c.  on  Board. 
Warp.     To  warp  a  Ship,  is  to  draw  her  againft  Wind,  &c.  by 

Means  of  Anchors  and  Hawfers  carried  out. 
Warp,     A  Hawfer,  or  fmall  Cablet.  * 

Would.     To  would  is  to  bind  round  with  Ropes,  as  the  Maft  is. 

woulded.  .      , 

Weigh.     To  haul  up,  as  weigh  the  Anchor. 

Taws.     The  Ship  yaws,  that  is,  goes  in  and  out,  not  fteady.  , 

Tards.     The  Timbers  i.'pon  which  the  Sails  are  i'pread. 
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^e  following  Sluefiions  and  Anjwers  are  remnmended  to  the 
Perufal  of  young  Gentlemen  belonging  to  the  Sea,  in  order 
to  refrejh  their  Memories,  previous  to  that  Examination 
which  they  muft  pafs  through,  before  they  are  appointed  to 
a  Commiffion  in  the  Royal  Navy,  or  an^  Officer  in  the  Eajl- 
India  Service ;  as  it  is  probable  fimilar  ones  may  be  afked, 
ly  thofe  appointed  to  examine  them^  at  the  Navy  Office  and 
the  EaJl'India  Houfe. 

^efi.  TJO  W  do  you  find  the  Golden  Number  ? 

J.  X     -^-  I  ^^^  o"c  to  the  riven  Year,  and  divide  the  Sum 
by  19,  the  Remainder  will  be  the  Golden  Number, 

f,  How  do  you  find  the  EpacS  for  any  Year  ? 
By  dividing  the  given  Year  by  19,  and  multiplying  the  Re- 
mainder by  II,  the  Produft  will  be  the  Epaft,  if  it  does  not  exceed 
30 ;  but  if  it  does,  I  fubtraft  30  from  it  as  often  as  I  can,  and  th« 
Remainder  will  be  the  Epaift. 

^.  How  do  you  find  the  Moon's  Age  ? 

A.  To  the  Epad,  I  add  the  Day  of  the  Month,  and  the  Number 
of  the  Month ;  their  Sum  will  be  the  Moon's  Age,  if  it  does  not 
exceed  30;  but  if  it  does,  I  fubtraft  30  from  it  as  often  as  I  can, 
and  the  Remainder  will  be  her  Age, 

^.  How  do  yoij  find  the  Moon's  Southing,  or  the  Time  of  her 
coming  to  the  Meridian  ? 

J.  1  multiply  the  Moon's  Age  by  48,  and  divide  the  Produft  by 
60 ;  the  Quotient  will  be  the  Hours,  and  the  Remainder  the  Minutes 
when  (he  is  on  the  Meridian  paft  Noon  :  Or,  I  may  multiply  the 
Moon's  Age  by  4,  and  divide  the  Product  by  5,  the  Quotient  will  x 
be  the  Hours,  and  the  Remainder  nfiultiplied  by  12  will  be  the  Mi- 
nutes when  fhe  fouths,  or  is  on  the  Meridian,  in  the  Afternoon : 
But  if  this  Time  fliould  exceed  12,  I  fubtracl  12  from  it,  and  the 
Remainder  will  be  the  Time  of  her  Southing  in  the  Morning. 

fHow  do  you  find  the  Time  of  High  Water  at  any  Place  ? 
To  the  Moon's  Southing  on  the  given  Day,  I  add  the  Time  of 
High  Water,  Full  and  Change,  at  the  given  Place,  and  the  Sum  will 
be  the  Time  of  High  Water  there  in  the  Afternoon :  But  if  this  Time 
fliould  exceed  12,  I  fubtrafl:  12  from  it,  and  the  Remainder  will  be 
the  Time  of  High  Water  in  the  Morning  ;  and  if  it  exceeds  24,  I 
fubtracl  24  from  it,  and  the  Remainder  will  be  the  Time  of  Higb 
Water  in  the  Afternoon.* 

^  Suppofe  that  you  go  into  an  Harbour,  and  find  by  your 
Watch  that  it  is  High  Water  at  any  Hour  on  that  Day;  by  what 
Means  do  you  find  the  Times  vvhen  it  is  High  Water  on  Full  and 
Change  Days  In  that  Place  ? 

•  The  Time  oi  High  Water  is  found  more  correft  by  the  TaBles,  fee  Pag-e  143. 
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A.  I  find  the  Time  of  the  Moon's  Southing  on  that  Day,  and 
fubtraci  it  from  the  Time  of  High  Water  at  the  given  Place,  if  I 
can,  and  that  will  be  the  Time  of  High  Water.  If  I  cannot,  1  add 
12  to  it,  and  then  fubtraft  the  above  Time;  the  Remainder  will  be 
the  Time  of  High  Watcjr  at  the  given  Place,  on  Full  and  Chai\ge  Days. 

^.  How  do  you  find  the  Zenith  Diftance  of  any  Objedl  ? 

A.  By  corredting  the  Altitude  for  the  Dip,  Refraction  and  Semi- 
diameter,  and  then  fubtrafting  it- from  90%  the  Remainder  will  be 
the  Zenith  Diftance,  which  will  be  either  North  or  South,  accord- 
ing as  the  Object  bears  of  me, 

^  Suppofe  the  Zenith  Diftance  10°  North,  and  the  Declination 
20**  North,  what  Latitude  are  you  in,  and  of  what  Name  ? 

An  Ten  Degrees  North, 

^.  The  Sun  is  in  your  Zenith,  what  Latitude  are  you  in  ? 

Ai  The  fame  a^  the  Declination  is,  whether  North  or  South. 

^  Your  Zenith  Diftance  is  20**  North,  and  your  Declination  is 
iao®  North,  what  Latitude  are  you  in  ? 

Am  Upon  the  Equator,  and  confequently  in  no  Latitude. 

^.  Suppofe  that  your  Zenith- Diftance  is  50**  S.  and  the  Declina- 
tion 10** N.  what  Latitude  are  you  in? 

A.  Sixty  Degrees  North. 

^.  Suppofe  your  Zenith  Diftance  be  45**  N.  and  the  Declination 
15°  S,  what  Latitude  are  you  in  ? 

A.  Sixty  Degrees  South. 

j^.  Suppofe  your  Zenith  Diftance  is  45^  N.  and  the  Declination 
15°  N.  what  Latitude  are  you  in  ? 

A.  Thirty  Degrees  South. 

^.  What  .do  you  mean  by  the  Word  Amplitude  ? 

A.  The  True  Amplitude  is  the  Number  of  Degrees  that  the  Sun> 
Moon  or  Stars,  rife  and  fet,  to  the  Northward  or  fiouth-ward  of  the 
true-Eaft  or  Weft,  The  Magnetic  Amplitude  is  the  Number  of 
Degrees  they  rife  or  fet  to  the  Northward  or  Southward  of  the  Eafl; 
or  Weft  Point  of. the  Compafs.  '     ' 

^.  How  do  you  find  the  True  Amplitude? 

A.  As  the  Co-fine  of  the  Latitude  :  is  to  the  Radius  t.:  fo  is  the 
Sine  of  the  Sun  or  Star's  P^ljnation  :  to  the  Sine^  of  the  True  Am- 
plitude. Or,  If  the. Secant  of  the  Latitude  be  added  tcJ  the  Sine  of 
the  Sun  or  Star's  Declination,  the  Sum  (rejefting  16  in  the  Index) 
will  be  the  Log.  Sine  of  the  true  Amplitude. 

^.  But,  fuppofing  the  Evening  or  Morning  proves  cloudy,  and 
you  cannot  fee  the  Sun  or  a  Star,  how  will  you  and  the  Vamtioh  of 
the  Compafs  ? 

A.  By  an  Azimuth. 

J\  What  do  you  mean  by  an  Aizimuth  ? 
r  The  true  Azimuth,  is  the  Diftance  of  the  Sun  o|-  Star  from 
the  true  North  or  South  at  every  Degree  and  Minute  of  Altitude. 

The  Magnetic  Azfmuth  is  their  Diftance,  at  each  Degree  and 
Minute  of  Altitude,  from  the  North  or  South  Point  dF  tKc  Compafs. 
^  How  do  you  find  the  True  Azimuth  ? 

Mm  ^»  By 


^74  EXAMINATION    OF    A 

A.  By  adding  the  Complement  of  the  Latitude,  the  Complement 
of  the  Altitude,  and  the  Sun  or  Star's  Polar  Diftance  into  one  Sum ; 
from  half  this  Sum  I  fubtraft  the  Polar  Diftance,  noting  the  half 
Sum  and  the  Remainder :  Then,  to  the  Arithmetical  Complement 
of  the  Co-fme  of  the  Latitude,  I  add  the  Arithmetical  Complement 
of  the  Co-fme  of  the  Altitude;  the  Log,  Sines  of  the  half  Sum  and 
the  Remainder;  half  the  Sum  of  thefe  four  Logarithms  will  give  the 
Co-fme  of  half  the  true  Azimuih,  which  being  doubled  is  the  true 
Azimuth,  reckoned  from  the  North  in  North  Latitude/  and  from 
the  South  in  South  Latitude. 
'   Or  it  may  be  found  thus : 

To  the  Log.  Secants  of  the  Latitude  and  Altitude,  add  the  Log. 
Sines  of  the  half  Sum  and  the  Remainder  ;^  half  the  Sum  of  thefe 
four  Logarithms  (rejefting  20  in  the  Index)  will  be  the  Log.  Co- 
fine  of  half  the  true  Azimuth,  as  before. 

'  ^«  You  have  given  the  true  Amplitude  or  Azimuth  by  Calcula- 
tion, and  the  Magnetic  Amplitude  or  Azimuth  by  Obfervation; 
how  do  you  find  the  Variation  ? 

'A.  By  placing  both  the  Amplitudes  or  Azimuth  before  me,  then, 
if  the  true  Amplitude  or  AzitAuth  be  to  the  Right  Hand  of  the 
Magnetic,  or  obferved,  the  Variation  iS  Eaft,  tut  if  it  be  to  the 
Left  Hand,  it  is  Weft. 

^.  You  have  the  Latitude  and  Longitude  the*  Ship  is  in,  con- 
fequently  her  Place,  how  do  you  fhape  her  Courfe,   or  in  other 
-    Words,  find  her  Courfe  and  Diftance  to  any  other  Place,  whofe 
Latitude  and  Longitude  is  known  ? 

A.  It  may  be  found  briefly  by  the  Tables  of  DiflTcrence  of  Lati- 
tude and  Departure,  but  by  Logarithms  I  will  fay. 

As  die  Meridional  Difference  of  Latitude  :  is  to  Radius  : :  fo  is 
the  Difference  of  Longitude  :  to  the  Tangent  of  the  Courfe,  And, 

Asf  the  Co-fine  of  thie  Courfe  :  is  to  the  pr6per  Difference  of  La- 
titude : :  fo  is  Radius  to  the  Diftance. 

^.  You  have  the  Difference  of  Latitude  and  f)eparture  made 
good  in  the  24  Hours,  how  do  you  find  the  Courfe  and  Diftance, 
knd  the  Ship's  Pface,  by  Logarithms  ? 

A*  AMhe  Difference  of  Latitude  :  is  to  Radius  : :  £?  is  the  De- 
parture :  to  die  Tangent  of  the  Courfe,    And, 

As  the  Co-fine  of  the  Courfe  :  is  to  the  Difference  of  Latitude  : : 
fo  is  Radius  :  to  the  Diftance  made  good  in  die  24  Hours.. 

Having  the  Latitude  and  Longitude  left,  and  die  Difference  of 
Latitude,  I  find  the  Latitude  in,  and  die  Meridional  Difference  of 
Latitude  ;  I  then  (ay, 

As  the  Co-fine  of  the  Courfe  :  is  to  the  Meridional  Difference  of 
Latitude  : :  fo  is  the  Sin«  of  the  Courfe  :  to  the  Difference  of  Lon* 
gitude.  Or,  as  the  proper  Difference  of  Latitude  :  is  to  the  De- 
parture : :  fo  is  the  Meridional  Difference  of  ]-.atitude  :  to  the  Dif- 
fereiKc  of  Longitude.  Having  the  Longitude  left,  and  the  Diile- 
rencci  the  Longitude  in  is  found  by  Addition  or  Subtraction,  as  thi 
Cafe  requires; 

^>.  You 
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^  You  have  now  the  Ship's  Place  by  Calculation,  how  do  you 
find  it  on  a  Mercator's  Chart  ?  . 

jf.  By  laying  a  Ruler  acrofs  the  Chart  on  the  Ship's  Latitude, 
and  taking  her  Longitude  in  my  Compafles,  and  fetting  one  Point 
on  the  Meridian,  by  the  Side  of  tne  Ruler,  I  turn  the  Qther  Eaft  or 
Weft,  according  as  the  Longitude  is,  (by  the  Side  of  the  Ruler) 
and  it  will  point  out  the  Ship's  Place, 

^  You  have  now  tjie  Ship's.  Place,  how  do  you  find  her  Bearing 
and  Diftance  to  any  oth^r  known  Place  ? 

A  By  laying  a  Ruler  over  the  Point  where  the  Ship  is,  and  the 
given  Place,  and  with  the  Compafles  I  take  the  neareft  Diftancc 
between  the  Ruler  and  the  Center  of  fome  Compafs  on  the  Chart  | 
and  Aide,  the  Compafles  along  the  Ruler,  (keeping  both  Points  per- 
pendicular to  it)  the  farAeft  Point  from  the  Ruler  will  fliew  the 
Courfe,  or  Bearing  between  the  Ship  and  Place.     Again, 

I  take  the  Diftance  between  the  Ship  and  Place  in  the  Compafles, 
and  then  lay  one  Point  on  the  Meridian  as  much  below  the  Ship's 
Place,  as  the  other  is  above  the  given  Place ;  that  Dittance,  reck- 
oned in  Degrees,  Leagues,  or  Miles  on  the  Meridian,  according  as 
it  is  divided,  will  be  the  Diftajice. 

^.  You  are  ordej^d  to  a  Ship,  {he  is  lying  in  Dock ;  prepare  to 
take  her  out  of  Dock. 

J,  1  would  take  on  Board  what  Kentledge  was  necefl!ary.  Stream 
Anchor  and  Cable,  Kedge  Anchor,  Hawfer  and  Tow-line,  with 
feme  Jpare  Ropes  for  Guys,  to  keep  her  fair  for  the  Dock  Gates  ; 
Buoy  and  Buoy-Ropes,  for  Stream  and  Kedge. 

j^..  When  your  Ship  is  out  of  Dock,  what  is  firft  to  be  done? 

J,  I  would  take  on  Board  the  Remainder  of  the  Kentledge,  and 
Jevel  the  Hold;. by  bying  the  Kentledge  from  the  fore  Part  of  the 
Fore-hatchway  to  the  after  Part  of  the  After-hatchway* 

^  If  you  are  taking  in  Bales,  hqw  would  you  dunnage,  and 
which  Part  of  the  Ship  moft  ? 

J.  I  would  dunnage  fix  Inches,  and  moftly  about  the  Well, 
Main-hatchway,  the  Wike  of  the  Chains  and  Floor  Timbers, 

J^.  Suppofe  you  have  one  and  a  half  Foot  Water  in  your  Hold, 
and  your  Ship  heels  four  Streaks  ^  wliat  Dunnage  ought  you  to  have 
to  preferve  the  Cargo  ? 

J.  Three  Feet. 

fHow  would  you  moor  your  Ship  at  Qravefend  ? 
I  would  come  too  with  my  fmall  Bower,  veer  the  Service  into 
the  Hawfe,«and  then  hang  my  beft  Bower  Anchor  to  the  [long-boat, 
^nd  with  thcTidc  drop  her  a-ftern:  When  the  Cable  is  taught,  let 
go  the  Anchor,  firfl  letting  go  the  Shank-Rope,  to  keep  the  Cable 
mofe  taught.  »  • 

^  How  would  you  hang  the;  Anchor  to  the  Long-boat  ? 

J.  Take  the  Buoy- Rope  over  the  Poller  (which  is  in  the  Midr'Je 
of  the  Stern  of  the  Long-boat),  bring  the  Bight^  round  the  .in^ja 
'J'h warti  cockbill  the  Anchor,  hook  the  Cat  to  the  AnchoTj^  and  lower' 
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away,  until  the  Flukes  of  the  Anchor  are  clear  of  the  Boat's  Bottom^ 
dien  make  faft  the  Buoy-Rope,  have  a  Shank-Rope  through  the  Rlng^ 
(which  is  at  the  Boat's  otern-Poft),  pafs  it  round  the  Shank  of  the  An- 
chor, make  it  faft  to  the  After- thwart,  lower  away  and  unhook  the  Cat, 
then  veer  away  the  Cable  -,  be  careful  to  heave  the  Buoy  over-board 
before  von  let  go  the  Anchor.. 

4j  tt  'W  do  you  moor  in  the  Downs  ? 

jH.  With  my  beft  Bower  to  the  S.  W.  I  would  veer  away  with 
the  laft  quairter  Flood,  and  moor  with  the  fmall  Bower  to  the  N.  £• 
^  Where  is  the  beft  anchoring  in  the  Downs  ? 
^  Upper  Deal  Church  and  Caftle  in  one,  in  eight  or  nine  Faw 
thorns  Water. 

^  What  are  the  Marks  for  anchoring  in  the  Downs  ? 
Z  The  South  Foreland  S.  S.  W.  Deal  Caftle  bearing  Weft,  and 
Sandown  Caftle  N.  W.         • 

3,  How  would  you  unmoor  in  the  Downs  with  the  Wind  at 
North? 

^.  I  would  fpHce  my  Stream  Cable  to  my  fmall  Bower,  arfd  veer 
away  at  half  Ebb,  that  I  might  have  Time  to  ftow  my  beft  Bower, 
an3  ftiorten  in  o^y  fmall  Bower-caUe,  before  the  ohip  tends  to 
Windward. 

^  Proceed  to  unmoor  Ship  as  it  is  done  in  the  Navy. 
ji,  1  would  fend  for  the  Mafter  to  fee  the  Hawfe  is  clear,  turn  all 
Hands  up  to  unmoor  Ship,  lay  the  Capftan-Bars  for  Clipping,  call 
the  Mate  to  fee  the  Meflengcr  paffed  for  the  beft  Bower,  tig  the 
Davit  out,  becaufe  I  will  take  it  up  the  firft  quarter  Flood,  get  the 
Cat  and  Fifh  to  pafs  for  the  beft  Bower,  ftretch  along  the  Fifli 
Tackle ;  Quarter  Mafters  down  in  the  Tier,  and  ftand  by  to  veer 
away  the  fmall  Bower-cable ;  (hip  the  Capftan-Bars,  pin  and  fwift 
them  5  clap  on  the  Stoppers  before  the  Bitts,  and  bring  to  the  Mef^ 
fenger.  At  the  fame  Time  unbit  the  beft  Bower,  rowfe  aft  the 
Slack  of  tlie  Cable  J  heave  taught,  take  off* the  Stoppers,  hold  on  the 
Meffenger,  and  heave  away  ;  veer  away  the  fmall  Bower-cable ;  clap 
pn  the  Nippers :  Thick  and  dry  for  weighing,  heave  chearly ;  the 
Anchor's  away,  keep  faft  the  fmall  Bower-cable ;  (garter  Mafter 
take  hold  of  the  Helm ;  look  out  for  the  Anchor  j  the  Anchor  is  in 
Sight,  heave  and  pa^l  the  Capftan  ;  hook  the  Cat ;  haul  taught,  and 
take  a  Turn  ;  furge  the  Meflenger  round  the  Capftan  ;  take  off  the 
ibiippers  ;  out  Cable ;  Cable  enough  ;  haul  Cat ;  belay  the  Catfkll ; 
pafs'  the  Stoppers ;  hook  the  Fifti ;  try  Fifh  by  Hand  ;  haul  awanr 
the  Fifli  5  belay  the  Fifh  Tackle-Fall ;  pafs  the  Shank  Painter  5 
bowfetothe  Stock-Tackle  i  belaythe  Shank  Painter;  make  faft  the 
Stopper  and  Stock-lafhing  *,  come  up  Cat  and  Fifh  %  unhook  hotitj^-^ 
haul  the  Buoy  in ;  t^iCn  mift  the  Meflenger  for  the  fmall  Bower  aild 
bring  to,  clap  on  the  Stoppers  before  the  Bitts  and  unbit  the  Cable  i; 
rowfe  aft  the  Slack  of  /the  Cable ;  man  the  Capftan ;  hold  on  the 
McfTengcr  ^  Forccaftlc-mcn  5  rig  out  the  Davit  for  the  fmall  Bower  j 

'■  whcn^ 
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when  the  Anchor  is  a^peak,  fend  the  Top  Men  to  loofe  the  Sails  ; 
man  the  Yards ;  ftretch  along  the  Top-(ail  Sheets ;  let  go  the 
Top-fail;  reef  Tackles,  Buntlines  and  Clue-lines;  foot  the 
Sails  out  of  the  Top ;  haul  home  the  Top-fail  Sheets ;  ftretch  along 
the  Top-fail  Halyards  and  man  them  ;  Qsurter-Mafters  and  Boat- 
fwain's  M^tes  attend  to  the  Braces ;  hoift  away  the  Top-falls ;  be- 
lay the  Halyards ;  trim  the  Sails;  heave  up  the  Anchor  ;  ftoW  it  a$ 
before,  and  haul  the  Buoy  in. 

^  How  would  you  unmoor  with  the  Wind  S.  E.  or  S.  ? 

J.  Veer  on  the  beft  Bower-cable,  and  take  the  fmall  Bower- 
anchor  up  firft ;  and  proceed  as  before^  then  to  heave  in  to  the  (hort 
Service  on  the  beft  Bower,  &c.  If  the  Anchor  has  great  Hold 
and  afraid  of  ftanding  the  Meffenger,  clear  away  the  Main  Capftati 
and  lafh  a  Block  on  the  Cable,  and  one  to  the  Main-maft ;  6r 
one  to  the  two  Ports  abreaft  of  the  Main-maft ;  reeve  a  Hawfer 
through  them,  and  heave  on  both  Capftans  together, 

^  Suppofe  you  are  clofe  upon  a  Wind,  in  moderate  Weather^ 
with  all  your  Sails  fet,  how  will  you  tack  the  Ship  ? 

J,  I  would  hand  down  the  Lee-bow-lines,  ftVetch  along  the 
Weather-braces,  the  Weather-fheets  and  Lee-tacks  ;  then  put  the 
Helm  a-lee,  let  go  the  Fore-ftieet,  Lee  Fore^top-fail,  Brace  and  Fofe- 
top-bow-line,  Jib  and  Stay-fail-flieets  :  and  haul  them  taught.  When 
the  Fore-top-fail  touches,  brace  tod  and  help  her ;  when  aback  brace  up 
and  help  her ;  when  the  Wind  is  out  of  the  After-fails,  raife  Tacks 
and  Sheets  ;  fhift  the  Stay- fail-tacks,  and  haul  over  the  Stay-fail- 
Iheets  ;:  cant  Sprit-fail-yard,  when  the  Wind  is  a- head,  haul  the  Main- 
fail.  N,  B.  C)ne  Watch  of  the  Top-men  on  the  Quarter-Deck  and 
Forecaftle  to  fet  up  the  Weather-breaft-back-ftays  :  If  fhe  has  Stern- 
way,  fljift  the  Helm  and  fquare  the  Sprit-fail-yard;  haul  on  Board  the 
Main  Tack  and  aft  the  Main  Sheet.  Brace  up  the  Main  Yard  when 
the  After-fails  are  full ;  haul  off^all ;  and  haul  on  Board  the  Fore-  Tack; 
keep  in  the  Weather-braces  forward,  and  let  her  come  too ;  then 
brace  up  ;  haul  aft  the  Fore-flieet,  Jib  and  Stay- fail- (heets ;  fet  the 
Back-ftays  up,  and  haul  the  Bow-lines  ;  then  haul  taught  the  Wea-* 
ther-braces.  Lee-tacks  and  Weather-flieets  ;  have  the  Braces  let  go 
at  once  ;  when  the  Word  is  given  to  haul  Main -fail,  (all  the  Hands 
on  the  Braces  fliould  keep  hauling  taught  in  for  the  Run),  the  Yards 
will  fwing  of  themfelves. 

^  How  would  you  tack  a  Ship  under  her  three  Top-fails  ? 

J.  1  would^ut  the  Helm  a-Lee,  eafe  off  the  Fore- top- fail  Brace, 
keep  faft  the^^^op  Bow-line  ;  when  the  Fore-top- fail  touches, 
EC  too  andVHher ;  when  the  Wind  is  a-head,  haul  the  Main- 
Kail  and  {hilt  the  Helm;  then  brace  up  the  Main-yard,  and 
the  Main-top  Bow-line  ;  when  the  After-fails  are  full,  let  go 
and  haul ;  keep  in  the  Weather-braces  forward,  and  when  ftie  comes 
too  brace  fliarp  up,  haul  the  Main  and  Fore-top  Bow- lines,  and  haul 
<;4Ught  the  Weather-braces. 

^  How 
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fjlow  do  you  veer  a  Ship  with  all  her  Sails  fet  ? 
I  would  haul  the  Mizen  up^  and  the  Mizen-ftay-fail  down^ 
hard  a  Weather  the  Helm,  (hiver  the  Mizen-top-fail,  let  go  the 
Main  and  Main-top  Bow  lines,  eafe  off  the  Main-fheet,  the  Lee- 
jnain-brace,  and  round  in  the  Weather-brace.  When  the  Wiiid  is 
^baft  the  Beam,  rajfe  the  Main-tack ;  when  the  Wind  is  aft,  Tquarc 
the  Head-yards,  and  get  the  other  Tacks  on  Bo^rd ;  haul  aft  the 
Sheets,  (hift  the  Jib  aud  Stay-fail  Sheets  over  the  Stays,  and  as  fhe 
comes  too  haul  the  Mizen  out ;  hoift  the  Mizen  Stay-fail,  and  .haul 
aft  the  Sheet;  brace  the  Head-yards  up,  haul  the  Buw-lines,  and 
trim  all  fliarp.  If  a  frefh  Wind,  and  fhould  be  proper  to  fhorten 
Sail,  in  Top-gallant-fails,"  down  Jib  and  Stay- fails,  take  one  or  tw6 
Jleefs  in  the  Top-fails. 

^  It  blows  hard,  would  have  you  proceed  to  clofe  reef  the  Topw 
fails. 

J.  1  would  let  run  the  Halyards,  and  haul  the  Yards  clofe 'down 
\>y  the  Clue-lines  and  down-haul  Tackles ;  if  the  Wind  is  lar^, 
man  the  Clu^-Lines  and  Bunt-lines,  let  go  the  Sheets,  and  clue 
them  clofe  up  s  haul  in  the  Weather-bracej  and  fpill  the  Sail  as 
much  as  poffible ;  then  haul  out  the  Reef  Tackles,  fend  Men  up  and 
haul  out  the  Weather  Earing  firlt,  then  the  Lee  one,  and  reef  away, 
hauling  the  other  Reefs  up  before  the  Yard  :  If  the  Ship  is  upon  ^ 
Wind  when  the  Top-(ail-yard  is  down,  let  go  the  Bow-line,  It  Ts  • 
moftly  the  Way  to  man  the  Clue-lines  and  the  Bunt-lines,  to  eafe 
off  the  Lee-fheet  and  clue  it  up  ;  then  man  the  Weather-brace,  let 

iro  the'Lce-brace,  eafe  off  the  Weather-flieet  and  clue  it  up,  haul- 
ng  in  the  Weather-brace  and  Bunt- lines  at  the  fame  Time  j  when 
the  §ail  is  fpilled,  haul  out  the  Reef-Tackles,  and  reef  as  before. 
But  to  keejJ  the  Sail  from  fplitting  or  fhaking  (efpecially  if  it  be 
V^et)  it  is  the  beft'Way  to  man  the  Clue-lines,  Bunt-lines  and 
Weather-brace,  let  go  thie  Lee-brace,  eafe  off  the  Weather- fheet, 
hauling  up  the  Clue-Tine,  and  in  with  the  Weather-brace  at  the  fame 
Timcj  when  in  enough,  eafe  off  the  Lee-fheet,  clue  up,  &c» 
JV.  B.  To  fet  a  Top-fail  on  a  Wind  when  it  blows  ftrong,  always 
haul  the  Lee-fhieet  home  firfl:,  then  the  Weather  one,  &c.  &c.  as 
before. 

i?.  It  blows  harder,  you  muft  take  in  your  Top-fails. 
u1^  I  would  take  in  the  Fore  and  Mizen  Top-fails  firft,  bccaufe  it 
will  eafe  the  Shfp  forward,  (for  when  it  blows  hard  we  generally 
have  a  Head  Sea,  and  flie  keeps  too  the  better)  let  go  the  Fore- top 
Bow-line,  lower  away  the  Halyards,  man  the  ClriMUies  and  Bunt- 
lines,  clue  clofe  up,  and  haul  out  the  Reef  2|^HP)  haul  ii^  ' 
Weather-brace,  fleady  the  Lee-brace,  haul  t^t^BRe  Top-£  "' 
yards ;  fend  the  People  up  to  hand  the  Sail,  and  when  upj^ 
thev  go  on  the  Yard,  I'll  clap  the  rolling  Tackle  on  to  ftead^ 
^alf  the  Top-fails  fhould  be  taken  in  ^h^  iame  Way)  after  that,  ^it 


; 
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fqually,  take  in  the  Main-top-(ai],  and  then  the  Ship  is  under  her 
Courfes.  ,  . 

fHow  would  you  veer  a  Ship  under  her  Courfes  ? 
I  would  haul  th^  Mizen  and  Main-fail  up,  and  down  with  the 
Mizen-ftay-fail,  fquare  the  After-yards,  hard  a  Weather  the  Helm, 
man  the  Weather  Fore-brace,  and  let  go  the  Le6-brace  aivd  Fore 
Bow  line  ;  eafe  off  the  Fore-  lack,  and  ftand  by  to  haul  on"  Board 
the  other  j  keep  her  large,  if  Room,  until  I  get  the  Tack  on  Board 
and  belay  it ;  then  luff  up  to  the  Wind,  haul  aft  the  Fore-(heet  and 
brace  up  the  Fore-yard,  fet  the  After-fails,  aboard  Main  Tack,  aft 
the  Main-fheet,  brace  all  up,  and  haul  the  Bow-lines ;  when  my 
Sails  are  trimmed,  (hift  the  rolling  Tackles  on  the  Top-fail-yards. 
•    ^  Suppofe  you  are  lying  too  in  a  hard  Gale  of  Wind,  iinder  a 
Reet  Main-fail,  you  want  the  Ship's  Head  on  the  other  Tack ;  how 
will  you  veer  her  in  a  great  Sea. 
.  J.  I  will  watch  her  falling  off,  and  put  the  Helm  a-Wc?tl;ier, 

\  when  £hc  does,  eafe  off  the  Main-fheet;  if  that  will  not  Jo,  VU 
man  the  Fore  Shrouds,  and  get  Tarpaulins  and  Hammocks  ot  fpxrc 
Canvas  up,  and  fpread  it :  If  that  will  not  dp,  I  will  haul  ate  the 
Main-fheet,  and  put  the  Helm  a-Lee,  then  fend  Hands  out  to  the 
Sprit-fail  Yard  With  Hammocks  and  Galkets  to  flop  the  Sprit-fail, 
(railed  balancing)  within  the  Lee  Clue-line ;  blocjc  and  loofe  the 
Lee  Yard-arm,  rfien  haul  aft  the  Sheet,  clap  the  Helm  hard  a- 
Weather,  eafe  off  the  Main-fheet,  ^ round  in  the  Weather-brace,, 
gather  aft  the  other  Sheet,  haul  the  Main  Tack  on  Board  v  when  (he 
is  before  the  Wind,  fquare  the  Sprit-fail  Yard,  clue  the  Sail  up  and 
furl  it;  eafe  the  Helm  down  a-Lee,  brace  the  Yards  up,  haul  the 
Main-fheet  aft,  bowfe  the  Bow-line  up,  lafh  the  Helm  three  Parts 
a-Lee  and  fhe  will  lay  too  as  before. 

^  Suppofe  fhe  will  not  veer  after  all  you  have  done  ? 
jf.  I  will  loofe  the  Goofe  Wings  of  the  Fore-fail  j  if  that  .will  not 
do,  fet  the  Fore-fail*  and  veer  her  as  under  her  Courfes,  or  haul  the 
Main-fail  up  i  if  by  hauling  the  Main-fail  up  and  furling  it  fhe  will 
not  veer,  lower  down  the  Mizen-yard ;  if  that  will  not  do,  lower 
down  the  Crofs^Jack-yard  and  Mizen -top-maflj  if  that  will  not  do, 
cut  away  the  Mizen-maft. 

^  How  do  you  cafl  a  Ship,  when  intending  to  get  under  Way  ? 

yf.  If  I  am  to  caft  her  to  Starboard,  I  would  haul  in  my  Larboard 

Braces  forward,  and  let  my  After-yards  lay  fquare ;  I.  may  hoift  the 

Foretop-ma^^tay-faii,  and  keep  the  Sheet  to  Windward  to  help 

her  i  if  I  ^^Hik^^^  ^^  ^^>'^  ^  would  haul  in  the  contrary  Braces, 

|if%|ten  cafl,  fui^JPlHead-fails  and  brace  up  as  Circumflances  require. 

'^^•'^•B*  If  a  Ship  is  Wind  rode,. as  foon  as  the  Anchor  is  right  up 

"and  down,  put  the  Helm  the  Way  you  would  have  her  cafl,  fetting 

in  the  fame  Braces  abafc,  and  the  contrary  forward  ;  but  if  fhe  is 

■  Tide  rode,  the  Helm  mufl  be  put  the  contrary  Way  f)  which  yott 
-would  have  her  cafl,  and  fet  in  the  Braces  forward;  which  ever 
Way  the  Helm  is,  the  Braces  abaft  muft  be  the  contrary. 

^  It 
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^  It  blow^  hard,  and  vou  fplit  your  Top&il. 

Jf!  I  would  let  go  the  6ow-line,  haul  in  the  Weather-brace,'  and 
lower  away  the  Halvards,  jclue  up  the  Lee-fheet,  haul  up  the  Bunt** 
lines,  ftart  the  Weather- (heet,  bday  the  Clue-lines  and  Bunt- 
lines,  unbend  the  Sail,  bend  another  j  then  either  furl  or  fet  it,  as 
Circumftlnces  require. 

^  You  are  lying  too  in  a  hard  Gale  of  Wind,  and  fplit  your 
Main- fail. 

>/•  I  will  haul  It  up  carefully,  unbend  the  Sail,  and  bend  another, 
get  on  Board  the  Main  Tack,  and  haul  aft  the  Sheet ;  when  the 
Sail  is  fetj  get  a  Tackle  on  the  Weather  Leach  to  fecure  the  Tack, 
and  a  Preventer  Sheet ;  but  in  fmall  Ships  they  get  the  Lee  Tack 
aft  for  a  Preventer  Sheet. 

^  Suppofe  you  are  on  a  Wind,  and  let  the  Ship  come  up  in  the 
Wind,  and  are  all  aback,  what  will  you  do  ?  * 

jf.  I  will  box  her  off,  and  fuppofe  {he  will  not  box  off,  I  will  haul 
ihe  Mizen  up,  let  go  the  Main  and  Main-top  Bow-lines,  the  Lee^ 
Main  and  Main-top- fail  Braces,  and  lay  all  fquare  abaft,  put  theif 
Helm  to  Leeward,  if  {he  has  Stern- way,  when  the  Wind  is  abaft  the 
Beam  {hift  the  Helm ;  and,  as  {he  gets  Head-way,  haul  in  a  little  of 
the  After  Braces,  haul  the  Mizen  out,  brace  up  {harp  abaft,  and  haidto 
the  Bow- lines  j  and  then  I  am  on  the  fame  Tack  as  before.  ^ 

^.  Suppofe  you  are  on  a  Wind,  clofe  upon  the  Land,  and  {land- 
ing on  muft  run  on  Shore,  and  you  can  clear  the  Land  on  the  other      ^ 
TTack  i  but  it  blows  hard,  ;and  a  head  Swell,  that  fhe  will  not  {lay  ;      ' 
and  {hould  you  veer  you  would  be  on  Shore,  how  would  you  get 
upon  the  other  Tack  ? 

A  I  would  club  haul  her;  this  is  done  by  nutting  the  Helm  a- 
Lee,  and  letting  go  the  Lee  Anchor,  and  bringing  her  up  Head  to 
Wind ;  then  cut  the  Cable  and  haul  about  the  After-fails  ;  and  when 
they  are  full,  brace  about  the  Head-fails,  haul  on  Board  the  Fore- 
Tack,  and  brace  up  the  other  Way. 

j^.  If  by  Accident  your  Ship  is  brought  by  the  Lee,  what  would 
you  do  ? 

J.  When  a  Ship  is  brought  by  the  Lee,  it  is  commonly  occafioned 
by  a  large  Sea,  and  by  the  Negleft  of  the  Helm's-man.  When  the 
Wind  is  two  or  three  Point?  on  the  Quarter,  the  Ship  taking  a 
Lurch,  brings  the  Wind  on  the  other  Side,  and  lays  the  Sails  all 
dead  to  the  Ma{l5  as  the  Yards  are  braced  up,  {he  then  having 
little  Way,  arid  the  Helm  being  of  little  Service,  I  would  therefore 
brace  about  the  Head-fails  the  other  Way,  and  keep  AftMain-top.fail 
ihiverlng  j  when  {he  gathers  Way,  and  brings  the  .^Bfcd  aft  again^ 
raife  the  Fore  Tack  and  fquare  the  Head-fails ;  trim^he  Sails  ast  th^ 
were  before,  a:nd  bring  her  to  her  Courfe  again.  N.  B.  It  is  dain^ 
gerous  to  bring  a  Ship  by  the  Lee  in  a  Gale  of  Wind,  for  {he  lying 
entirely  againft  the  Sea,  her  Sails  can  be  of  little  Service  till  they  arc 
braq^d  about* 

^.  Coming 
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^  Coming  into  Soundings  from  a  long  Voyage,  I  would  have 
you  prepare  for  going  into  Port  and  anchoring, 

A.  Ill  order  the  Cables  to  be  bent;  thus,  get  their  Ends  up, 
reeve,  haufe,  and  ring  Ropes  to  haul  them  out,  the  Forecaftle-men 
to  clinch  them,  and  Quarter-Mafters  to  clap  the  Bends  on,  reeve 
the  Runners  and  Tackles,  unftow  the  Anchors,  bend  the  Buoys  and 
Buoy.Ropes,  fingle  the  Stoppers  and  Shank-Painters,  bit  the  Bower- 
Gables  with  a  long  Range,  have  the  Dog-Stoppeis  to  pafs,  fee  the 
Tiers  clear,  have  Hand-Leads  and  Lines  in  the  Chains,  fend  down 
the  Top  Ropes,  reeve  the  Top-tackle-falls,  unfling  the  lower 
Yards,  when  the  Cables  are  bent,  &c.  clap  the  Hawfe  Bucklers  on# 
'  ^  You  are  off  the  Eddyftone,  the  Wind  at  S.  W.  in  a  hard 
Gale,  under  a  Reef  Fore-fail,  and  you  muft  anchor  in  Plymouth 
Sound,  how  will  you  bring  up  for  the  Safety  of  the  Ship,  and  with 
what  Anchor  ? 

J,  To  give  myfelf  Time  for  anchoring,  I  will  haul  my  Fore-fail 
•■L  ^P>  gc^  t^c  Sheet  Anchor  over  the  Side,  and  bit  the  Cable  to  the 
^  AlTter-bits  with  a  Range,  get  down  Top-gallant- malts  and  Sprit-fall 
Yard,  in  fore  and  aft,  unf^d  the  Top-malts,  and  ftretch  along  the 
leers,  clap  the  Wing  Stopper  on  the  fecond  Cable  of  the  beft 
^'liower;  being  all  clear,  PU  fet  my  Fore-lail  and  fteer  in  for  the 
Sound,  and  when  I  am  near  the  Place  I  intend  to  anchor  in,^  PU 
-  man  the  Fore  Clue  Garnets,  and  (land  by  to  lower  the  Yards  and 
Top-maft,  being  ready,  lower  away,  haul  the  Fore-fail  clofe  up, 
and  furl  it  a  Portland  ;*  clap  rolling  Tackles  on  the  lower  Yarck, 
and  heel  Ropes  on  the  Top-mafts ;  having  the  Marks  on  to  anchor, 
ftream  the  beft  Bower  Buoy,  and  fee  that  ft  goes  clear  of  the  Ship, 
and  when  I  intend  to  bring  up,  put  the  Helm  down,  and  haul  the 
Mizcn  out,  then  let  go  the  Anchor  and  veer  away  at  Icaft  one  and 
a  half  Cable  before  1  check  her;  fliould  the  Ship  drive  with  two 
Cables  out,  on  the  beft  Bower,  ftream  the  fmall  Bower-Buoy  and 
let  go  the  Anchor,  which  will  allow  me  to  veer  a  Cable  on  the  fmall 
Bower,  which  will  bring  her  up  if  it  blows  ever  fo  hard,  and  I  have 
ftill  the  Sheet- Anchor  to  ftand  by;  when  I  have  brought  up,  and 
double-bitted  and  ftopped  the  Cables,  PU  get  the  Top-fail  Yards 
fore  and  aft  in  the  Tops,  and  make  the  Ship  as  fnug  as  poffible ;  as 
foon  as  the  Gale  is  over,  get  the  Anchors  up  and  moor  properly* 
The  beft'  Method  is  to  unbend  the  fmall  Bower  Buoy  Rope  from 
the  Anchor,  it  being  liable  to  get  foul  of  the  beft  Bower  Cable,  by 
the  Buoy  goingover  and  over  again  of  the  faid  Cable,  which  has 
been  often  dMHCafe. 

N.  B.  In  coming  from  the  Weftward  with  a  hard  Gale  of  Wind, 
And  bound  into  the  Downs,  take  the  fame  Method, 

J^.  Suppofe  you  are  on  a  Lee  Shore,  and  had  neither  Room  to 
Veer  or  ftay,  nor  any  anchoring  Ground,  how  would  you  put  the 
Ship's  Head  round  the  other  Way? 

j1.  I  would  put  my  Helm  hard  a»Lce,  when  flie  comes  Head  tck 
Wihd  raife  the  Fore  and  Main  Tacks  diredly,  make  a  Run  with 

N  n  my 
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my  Weather  Braces  and  lay  all  aback  at  once,  then  haul  forward  my 
Lee  Tacks  and  Bowlines  as  far  as  I  can,  that  the  Ship  may  fall  rouna 
on  her  Heel,  and  when  the  Main-fail  begins  to  fhiver,  1  would  haul ' 
it  up,  fill  my  Head-fails,  and  (hift  the  Helm  hard  a- Weather ;  whejH 
the  Wind  comes  on  the  other  Quarter,  haul  on  Board  the  Main 
Tack,  and  bring  her  clofe  to  the  Wind, 

^  Suppofe  you  were  on  a  Lee  Shore,  and  could  clear  the  Danger 
•n  the  other  Tack,  although  not  Room  to  veer  and  a  Sea  on  (he  will 
not  ftay,  and  you  had  good  anchoring  Ground,  what  would  you  do  i 

A.  When  1  faw  the  Danger  I  would  take  a  good  Hawfer,  and 
lead  it  out  of  one  of  the  Quarter  Ports,  and  bend  it  to  the  Anchor  to 
Leeward ;  the  other  Part  I  would  bring  to  the  Capftan,  (hip  the 
Bars,  and  when  I  clap  the  tlelm  a-Lee,  and  as  foon  as  the  Win4 
is  out  of  the  Main-(ail,  haul  it  up,  let  go  the  Anchor,  and  heave 
on  the  Spring  to  caft  her,  becaufe  the  Cable  fhould  not  check 
her.  When  me  comes  Head  to  Wind,  brace  about  the  Main  Yard, 
haul  on  Board  the  Tack,  and  cut  away  the  Cable  and  Spring  ;  when 
the  Main-fail  fills,  fet  the  Fore-fail,  haul  on  Board  the  Tack,  and 
trim  her  to  the  Wind. 

^.  Suppofe  it  blows  hard,  you  cannot  carry  your  Courfes, 
Night  coming  on,  and  it  is  likely  to  blow  harder^  what  will  you  do?  . 

A.  1  would  haul  the  Fore-fail  up  and  furl  it,  balance  the  Mizen^ 
haul  it  out  to  keep  her  to,  then  haul  up  the  Weather  Main-clue- 
sarnet  and  Bunt-line,  then  the  Lee  Clue  Garnet  Bunt-lines  and  Leach- 
iines,  fquare  the  Yards,  and  get  Strops  round  the  Mail  above  the 
Booms  to  hook  the  Yard  Tackles  to  for  Rolling  Tackles,  then  reef 
the  Sail,  when  reefed,  haul  on  Board  the  Tack,  get  aft  the  Sheet 
handfomely,  tend  the  Braces,  bowfe  up  the  Bow-line  and  haul  up 
the  Mizen. 

§1.  You  are  jufl  abreaft  of  Portland,  the  Wind  has  taken  you 
nback,  you  have  all  Sails  fet,  and  you  have  no  Time  to  take  them 
in,  for  you  will  be  on  Shore  or  in  the  Race  prefently,  how  will  you 
you  proceed  ? 

A.  If  fhe  has  Head-way,  I  will  put  the  Helm  a- Port,  let  go  the 
Fore-fheet  and  Larboard  Braces ;  as  foon  as  the  After-fails  miver, 
haul  down  all  the  Studding-fails ;  if  it  blows  frefh,  take  in  Top- 
gallant-fails, brace  up  the  After-yards  \  when  full,  brace  up  forward 
and  haul  on  board  the  Fore- tack,  trim  all  fharp,  haul  taut  the  Wea- 
ther-braces and  haul  the  Bow-lines^  the  Bow-lines  firfi,  then  the  Wea- 
ther-braces. 

^.  Suppofe  you  are  turning  over  the  Flats  with  your  Top-faijg 
andFore-feil,  you  endeavour  to  put  about,  but  (he  will  not  ftay> 
there  is  a  fand  a-head  within  a  Cable's  Length  of  you,  what  wiJI 
ypu  do  \ 

A.  I  will  heave  all  aback,  and  when  flie  has  Stern-way  {hift  the 
Helm ;  when  fhe  has  paid  well  off,  brace  about  the  Head-fails  and 
(hiver  tke  Aftcr-^fails  \  then  ihe  will  veer  round  and  ftand  oil-.  -> 

'     ^  ^.  Yoii 
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^.  You  are  in  a  Gale  of  Wind,  and  fplit  your  Fore  Courfe^ 
what  will  you  do  ? 

A,  ril  man  the  Weather  Fore  Clue-garnet,  Bunt-lines  and  Leach* 
lines,  eafe  off  the  Fore^tack,  and  when  clued  up,  man  the  Lee  Clue- 
garnet  and  haul  it  clofe  up ;  then  let  go  the  Lee-brace,  haul  taut 
the  Lifts  and  Braces,  fend  Hands  to  unbend  the  Sail ;  when  another 
is  bent,  and  I  want  to  fet  it,  i  will  haul  on  Board  the  Fore-tacic, 
and  haul  aft  the  Fore^fheet,  brace  the  Yard  up  and  haul  the  Bow- 
line. 

^  It  blows  hard,  and  you  want  to  reef  your  Courfcs^  how  do 
you  proceed  ? 

A.  I  will  clear  away  the  Top- fail  Sheets  and  Lifts,  man  the  down 
haul  Tackles,  lower  away  the  Jeers,  let  go  the  Bow-lines  and  clue 
the  Sails  up  round  the  Weather-braces,  haul  taut  the  Lifts,  Braces^ 
and  Rolling  Tackles  \  then  fend  Hands  up  to  reef  the  Sails  \  whei| 
J  want  to  fet  them  I  will  proceed  with  the  Sails  as  before. 

^  Suppofe  it  blows  hard  at  S.  W.  and  you  are  drove  from  your 
Ancliors  in  the  Downs,  what  would  you  do? 

A.  I  would  fteer  for  the  Gull  Stream,  which  I  (hall  knpw  by 
having  the  upper  Light  on  the  South  I'oreland  to  bear  S.  W.  by  S, 
then  fteer  away  between  the  N.  E.  and  N.  E.  by  N.  which  will 
carry  me  between  the  Brake  and  the  Goodwin  Sands,  keeping  to 
the  Goodwin  in  nine  or  ten  Fathom,  and  to  the  Brake  in  feven  or 
fix. 

^.  You  are  ftanding  on  a  Wind  with  all  your  Sails  ftt ;  your 
Enemy  is  in  Sight,  ftanding  towards  you,  how  do  you  clear  your 
Ship  for  AdionT 

A.  I  will  turn  all  Hands  up  to  clear  Ship,  up  all  Hammocks,  ihe 
Quarter-Mafters  to  flow  them  in  the  Netting,  and  on  the  Gang-way  ; 
get  the  Top-men*s  Hammocks  up  in  the  Top ;  down  all  Chefts  in 
the  Hold  J  Quarter-Mafters  ftow  them  ;  take  in  all  the  fmall  Sails  ; 
fling  the  lower  Yards  with  Top-chains,  get  the  Puddings  and 
Dolphins  up  J  then  .  fling  the  Top-fail  Yards  half  Maft  or  clofe 
up  5  ftop  the  Top-fail  Sheets,  Stoppers  on  the  Jeers,  or  elfe  rack 
them;  Gunners  get  the  Match-Tubs  between  every  two  Guns, 
Matches,  Powder-horns,  Crows  and  Hand-fpikes  fufficient  for 
every  Gun;  all  Hands  to  Quarters,  keep  Silence  and  mind  the 
Word  of  Command,  fire  not  a  Gun  until  the  Word  of  Command  is 
jgiven ;  mind  you  do  not  fire  a  Shot  in  vain.  Now  I  have  all  the 
three  mafts  in  one,  fire  ! 

^  Suppole  you  are  in  Chafe  of  an  Enemy's  Ship  of  War,  upon 
a  Wind,  with  all  your  Sails  fet ;  ihe  is  right  a-head,  on  which  Side 
will  you  engage  her  ? 

A.  I  will  engage  her  to  Leeward,  bj  Reafon  (he  canno|:  put  away 
|)cfore  the  Win4>  and  if  there  is  aiw  Thing  of  a  Sea,  fhe  may  not 
be  able  to  fight  her  lower  Tier  of  Guns.  If  light  Breezes  and  hot 
Weather,  it  would  be  better  to  engage  to  Windward,  to  let  them 
irec^iv^  the  Smoak  and  Heat  of  the  Fire. 

N  n  %  ,^.  Yott 
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^  You  are  chafing  from  the  Wind,  and  carry  away  your  Mata 
Top-maft,  how  will  you  proceed  ? 

J  I  would  haul  up  the  Main^fail  and  fend  Hands  up  in  the  Top 
with  a  Rope  or  Hawfer,  to  clap  on  that  Part  of  the  Maft  that  hangs 
down,  then  cut  the  Lanyards  of  the  Main  Top-maft  Shrouds,  and 
lower  away,  caft  off  the  Hawfer,  reeve  it  to  fend  the  Stump  down, 
clear  away  the  Rigging,  unfling  the  Main  Yard,  get  the  Fore- 
tackle  on  it  and  bowfe  forward  the  Yard,  then  lower  the  Stump 
upon  Deck,  and  get  the  fpare  Top-maft  ready  for  the  Crofs-trces  5 
clap  the  Hawfer  on,  and  fway  it  up  high  enough  for  the  Rigging. 

i^.  You  are  lying  to  in  a  hard  Gale  of  Wind  under  your  Maia 
Courfe,  you  carry  away  your  Main-maft,  how  will  you  proceed  to 
clear  the  Wreck  ? 

A  I  will  clap  my  Helm  a- Weather,  brace  my  Fore  and  Fore* 
top-fail  Yards  full,  then  call  all  Hands  to  get  Pole-axes,  &c,  to 
clear  away  the  Rigging. 

^.  Why  will  you  put  the  Ship  before  the  Wind  ? 

J.  Becaufe  the  Maft  will  go  a-ftern  clear  of  the  Rudder,  and 
prevent  its  damaging  the  Ship. 

^  You  are  going  large  and  fee  a  Ship  in  the  Wind's  Eye,  how 
will  you  proceed  to  chafe  her  ? 

J.  I  will  turn  all  Hands  up,  get  my  Tacks  on  Board,  brace  up 
my  Yards  and  haul  aft  the  Sheets  5  haul  tl)e  Bow-lines,  fet  the  Jib 
and  Stay-fails,  keep  her  full,  and  by  making  fliort  Boards  and  turn 
directly  to  Windwardj  which  will  prevent  her  putting  away  large, 
I  muft  keep  my  Weather-braces  taut  in  a  Gale  of  Wind,  for  if  the 
Weather  Sheets  give  Way,  and  the  Weather-braces  not  taut,  the 
Yards  will  fly  to  Leeward,  and  caufe  a  great  deal  of  Trouble  in  getting 
them  down ;  if  not  fplit  the  Sail  it  will  endanger  the  Maft  ;  nor  hoift 
them  too  taut  up  in  a  Gale  of  Wind  and  a  Head  Sea,  for  being  too 
taut  up  is  apt  to  carry  away  the  Yard  in  the  Slings. 

^  Suppofe  you  were  to  can*y  away  your  Bowfprit,  what  would 
you  do  ? 

jf,  I  would  immediately  veer  Ship,  and  keep  her  before  the  Wind  ] 
and  then,  for  the  Security  of  the  Fore-maft,  I  would  carry  forward  the 
FCre-runners  and  Tackles,  and  boufe  them  well  taut,  till  I  can  get 
a  Hawfer  or  fuflicient  Rope,  and  clinch  it  round  the  Maft-head,  and 
fecure  it  to  the  Bitis  of  the  Forecaftle  or  the  Cat^heads  *,  then  take 
the  beft  Spar  I  have,  and  make  a  Jury  Bowfprit  of  it. 

^.  Having  a  fair  Wind,  how  will  you  fet  your  Fore-top-maft 
Studding- fail,  on  the  Larboard  Side  ? 

J,  Firft  haul  taut  the  Trufs  Tackles,  and  bpufe  the  Yard  clofe 
to ;  then  haul  taut  the  Larboard  Fore-lift,  and  Starboard  Fore- 
top-fail  Clue-line,  the  Fore-top  Men  down  on  the  Fore  Yard,  and 
rig  out  the  Larboard  Studding-fail  Boom,  firft  fending  down  the 
Studding  Tack  and  outer  Halyards  up  to  the  Fore^top-fail  Larboard 
Yard-arm;  and  reeve  the  Halyards,  fend  them  down  and  bend 
them  ;  the  Tack  being  bent  and  all  ready,  man  the  Halyards  arid 
boift  away,  haul  out  the  Tack,  &c.    If  the  Wind  is  on  the  Bean^ 

or 
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or  Quartering,  fet  it  abaft  the  Top-fail,  if  right  aft  before  the  Top- 
fail, /(which  is  done  by  a  Man  ftandrngon  the  Fore  Yard-arm|  wiA 
the  Leach  of  the  Studding- fail  in  his  Hands). 

^.  Suppofe  you  are  in  an  Engagement,  and  your  Main-top-fmaft 
Stay  is  fhotaway,  how  will  fecure  your  Mafti 

A.,  I  will  fend  my  fhifting  Back-ftay  forward  by  the  Main-top- 
maft  Stay-fail  Halyards,  and  reeve  it  through  a  Block  abaft  th^ 
Tore-maft  Head,  boufe  it  taut,  and  that  will  fecure  the  Maft. 

fYour  Ship  comes  to  againft  her  Helm,  what  will  you  do? 
I  will  haul  my  ^4izen  up,  and  Oliver  the  After-fails. 
^.  She  comes  to  yet,  if  (he  ftays  fhe  will  be  on  Board  fome  other 
Ship? 

A.  ril  let  go  the  Lec-fore  and  Fore-top-fail  Braces,  raife  the 
Fore-tack  and  let  go  the  Bow-lines,  haul  in  the  Weather-braces  and 
t)ox  her  ofF. 

fHow  do  you  fplice  your  Cables  ? 
I  will  put  the  whole  Strands  of  the  bed  or  fmall  Bower  Cables 
twice  each  Way,  and  point  each  Strand  with  a  Tail  of  three  Fa* 
thorns  each;  then  feize  them  with  Quarter  and  End  Seizing,  to 
make  them  lie  fnug,  which  is  the  readieft  Way  for  clearing  the 
Jiawfe.    They  being  foon  fpliced  and  unfpliced  when  pointed. 

^.  How  would  you  mark  the  Lead-line  ? 

A,  Black  at  3  Fathom,  white  at  5,  red  at  7,  black  at  10,  wWte 
at  13,  red  at  17,  two  Knots  at  20  Fathoms,  and  fo  on,  an  addi- 
tional: Knot  at  every  lo  Fathoms,  with  a  fingle  Knot  between  each 
10  Fathoms  to  mark  the  Line  at  every  5  Fathoms. 

^  You  are  fent  down  in  the  dark  for  a  Top-fail,  how  do  you 
know  a  Main-i&il  from  a  Fore-fail,  or  a  Main-top-fail  from  a  Fore- 
top-fail  ^ 

A.  If  it  has  three  Bow-Hne  Cringles  it  is  a  Main-fail,  if  it  has  but 
two,  it  is  a  Fore-fail ;  if  it  is  marled  abaft  the  Foot-rope,  it  is  a 
Main-fail,  if  before,  it  is  a  Fore-fail :  If  a  Main-top-fail,  it  has  four 
Bow-line  Cringle?,  if  a  Fore-top-fail  but  three ;  all  Top-fails  arc 
marled  to  the  Rope,  becaufe  the  Foot- rope  is  ferved. 

^  The  Sheers  are  alongfide,  how  do  you  get  them  in  ? 

A.  Far-buckle  them  in  with  their  Heads  aft  on  the  Poop,  and  get 
the  Fore  and  Main-runners  on  them  for^Quys  ;  la(h  on  two  Four- 
fold Blocks,  reeve  the  Mafting-falls,  get  6ir*t-lines  on  the  Head  of 
the  Sheers  to  fteady  the  Maft-head,  put  Heel  Lafhings  on  the  Sheers, 
with  good  Oak  Planks  under  them,  to  tranfport  them  forward  on ; 
Jafli  one  of  the  four-fold  Blocks  forward  to  the  Stem,  and  bring  the 
Fall  to  the  C^pftan ;  heave  the  Sheers  high  enough :  when  done, 
I'll  take  forward  two  Runners  and  Tackles  to  aflift  the  Sheers,  take 
the  Mizen-maft  firft  in,  then  raife  the  Sheers  erci^,  take  in  the 
M^in-maft,  boufe  the  Heels  of  the  Sheers  forward,  and  keep  them 
ypright  to  take  in  the  Fore-maft. 
9     ^,.  How  do  you  rigg  a  lower  Maft  ? 

*A*\r 
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Am  I  will  lafli  on  the  Girt-Iine-blocks,  put  on  the  Bolffers,  parcel 
mnd  tar  them,  put  over  the  Runner  and  Tackle-pendants,  tiien  the 
foremoft  of  the  Starboard-fhrouds,  then  the  Larboard,  and  fo  on ; 
then  the  Stay  and  Spring-ftay,  feize  in  the  Dead  Eyes  for  the 
Shrouds,  and  the  Harts  for  the  Stays,  reeve  the  Lan-yards,  fet  up  the 
K^'ggJngj  get  the  Top  over  Head,  and  bolt  it,  rattle  down  the 
Shrouds,  and  feize  on  the  Cat-harpin-lcgs,  hook  the  Futtock-ftirouds, 
and  hitch  them,  feize  down  the  Ends,  lafii  the  hanging  Jeer-blocks 
under  the  Top,  with  the  Strops  under  the  Stays,  lead  up  and  la(h  to 
the  Maft-head,  get  the  Cap  into  the  Top  for  the  Head  of  the  Top* 
maft,  and  lalh  the  Blocks  on  for  the  Main-lifts. 

^.  How  do  you  get  a-top  and  cap  over  ? 

A*  Make  faft  a  Girt-line-block,  on  each  Side  of  the  Maft-head, 
reeve  the  Girt-lines  and  pafs  them  under  the  Top,  and  make  them 
faft  to  the  After-part  of  the  Top,  ftop  them  to  the  Bolt-holes  in  the 
Middle  a.i]id  Fore-part  of  the  Top,  then  fway  away ;  when  high 
enough,  cut  the  upper  Stops  having  a  Guy  on  the  After-^part  of 
the  Top-brim,  and  the  Top  will  fall  over  the  Maft-head,  then 
lower  away,  and  put  it  in  its  Birth,  haul  upon  the  Guy  and  bolt  \t^ 
lay  the  Cap  fteady  over  the  Truffel-trees  for  the  Top- maft-head  to 
receive  it ;  when  the  Top-maft-head  is  through  it,  lafti  the  Cap 
to  the  Top-maft-head,  fway  away  the  Top-maft  till  high  enough^ 
tfien  place  the  Cap  on  the  Maft-head,  and  drive  it  down* 

f  How  do  yourigg  a  Main-top-maft  ? 
I  will  tar  the  Maft-head,  get  the  Crofs-trees  over,  fix  the 
Bolfters  and  parcel  them,  put  over  Burton-pendants,  then  the  Shrouds, 
Breaft-back-ftay,  Proper  and  Spring-ftay,  and  Cap,  fway  up  the 
Maft  and  fid  it,  feize  in  the  Dead  Eyes,  ftay  the  Maft,  fet  up  the 
Shrouds^  rattle  th^m  down,  la|b  the  Bpllockrblocl^s  tp  th^  Mail-* 
)ieadr 

fHow  do  you  rigg  a  Top  -gallant-maft  ? 
I  will  fend  down  the  Top-rope,  reeve  it  through  the  Sheave- 
hole,  and  make  it  faft  round  the  Hounds  of  the  Maft,  and  ftanding 
part  of  the  Rope,  leaving  enough  End  to  make  faft  to  the  Cap,  which 
doACj  fway  away,  when  the  Head  is  through  the  Cap,  make  faft  the 
foare  End  or  ftanding  Part  of  the  Top-rope  to  the  Cap,  cut  the 
seizing,  clap  on  the  Grommet,  then  the  Shrouds,  Back-ftays  a^4 
Stay,  way  up  the  Maft,  fid  it,  and  fet  the  Rigging  up. 

J^.  How  do  you  rigg  a  Bowfprit  ? 

A.  I  will  la(h  the  Collar  for  the  Bob-ftays  and  Bowfprit  Shrouds^ 
t'len  the  Collar  for  the  Spring-ftays,  then  the  Block  for  the  Top-maft- 
ftay,  fix  the  Man-rope,  gammon  the  Bowfprit,  and  fet  Bob-ftays 
and  Shrouds  up. 

^  How  do  you  rigg  a  Jib-boom  ? 

A.  I  will  put  over  the  Traveller,  Horfes,  and  Guys,  the  Top^ 
gallant-ftay-block,  and  lafh  on  the  Blocks  for  the  Top-gallaQt-p 
bowline,  and  Jib-down-haul-block  to  the  Traveller^ 

^.  Hovv  dp  you  rigg  a  Loiver-yard  ? 

4*  1 
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A.  I  will  get  it  athwart  the  Gunwale,  lafh  the  Jeers,  Qaarter 
<jlue-garnets,  Bunt-lines,  Leach  lines  and  Slab-line-bloclcs,  then  put 
over  the  Yard-arms,  the  Horfes,  Brace-pendants,  the  Yard-tackle- 

Eendantsi  then  the  Top- fail -Sheet,  and  Lift- blocks,  reeve  the  Jeers^ 
[races.  Lifts,  and  Yard-tackle  falls^  TrufTes,  and  Parrels,  fway  the 
Yard  up,  and  haul  all  taut. 

fHow  do  you  rigga  Fore- top-fail  Yard  ? 
I  will  reeve  a  Hawfer  for  a  Top-rope,  through  the  Bollock- 
block,  and  fend  it  down,  and  having  put  over  the  Horfes,  make  the 
Top-rope  faft  to  the  Middle  of  the  If ard,  flopping  it  to  the  Yard- 
arm,  fway  it  up  above  the  Top,  put  over  the  Brace-pendants  and 
Lift-blocks,  reeve  the  Lifts  and  Braces,  cut  the  Yard-arm-feizing, 
and  crofs  the  Yard,  lafh  the  Tye,  Bunt-line  and  Clue-line-blocks, 
reeve  the  Tye  and  Halyards,  fway  it  up  above  the  Cap,  and  parrel  it, 
reeve  the  Clue-lines,  Bunt-lines,  and  Reef-tackles. 

^.  How  do  you  rigg  a  Top-gallant-yard  ? 

A,  I  will  feize  the  Clue-line-blocks  on,  put  the  Horfes  over  the 
Yard-arms,  fway  it  up  on  the  Cap,  and  rigg  the  Yard-arms,  by  put- 
ting on  the  Brace-pendants  and  Lifts,  then  crofs  the  Yard  and 
parcel  it. 

j^.  You  have  loft  your  Rudder  at  Sea,  what  Method  will  you  take 
to  ftecr  the  Ship  ? 

A.  I  will  take  a  large  Spar,  or  Part  of  a  Top-maft,  and  cut  it  flat 
in  the  form  of  a  Stern-poft,  bore  Holes  at  proper  Diftances  in  that 
Part  which  is  to  be  the  Fore-part  of  the  Preventer,  or  additional  Sterji« 
poft,  then  take  the  thickeft  Plank  I  have  on  board,  and  make  it  as 
near  as  I  can,  into  the  Form  of  a  Rudder,  bore  Holes  at  proper 
pittances  in  the  Fore-part  of  it,  and  in  the  After-part  of  the  Preventer 
Stern-poft  to  correfpond  with  each  other ;  and  reeve  Rope-grammots 
through  thofe  Holes  in  the  Rudder  and  After-part  of  the  Stern-poft 
for  the  Rudder  to  play  upon. 

Through  the  Preventer  Stern-poft  reeve  Guys,  and  at  the  Fore-part 
of  them  fix  Tackles,  and  then  put  the  Machine  over  board  ;  when  I 
get  it  in  proper  Pofition  or  in  a  Line  with  the  Ship's  Stern-poft,  la^ 
the  upper  Part  of  the  Preventer-poft  to  the  upper  Part  of  the  Ship's 
Stern-poft,  then  hook  Tackles  at  or  near  the  Main-chains,  and  boufe 
taut  on  the  Guys  to  confine  it  to  the  Lower-part  of  the  Preventer 
Stern-poft  5 — having  Holes  bored  through  the  Preventer  and  Proper 
3tcrn-poft,  I  will  run  an  Iron  Bolt  through  both,  taking  care  not  to 
touch  the  Rudder,  which  will  prevent  the  falfe  Stern-poft  from  rifing 
up  or  falling  down. 

By  the  Guys  on  the  After-part  of  the  Rudder,  and  Tackles  fixed 
to  them,  I  may  fteer  the  Ship.  I  muft  take  care  to  boufe  taut  the 
Tackles  on  the  Preventer  Stern-poft  to  keep  it  clofe  to  the  Proper 
Stern-poft. 

^  Your  Ship  is  leaky,  you  cannot  keep  her  firce  by  the  Pumps, 
vrbat  will  you  do  2 
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jf.  I  will  take  a  fparc  Top-fail  or  fome  other  Sail  and  fpread  it  upon 
the  Deck,  cover  it  all  over  with  Oakum,  and  bind  it  to  the  Sail  with 
a-  Needle  and  Twine  in  feveral  Places  to  keep  it  faft  to  the  Sail,  then 
take  an  Hawfer  and  cut  it  into  proper  Lengths  to  go  under  the  Ship^s 
Bottom,  and  come  in  over  the  Gunnel,  put  thefe  Hawfers  about  fouf 
feet  Diftance  under  the  Sail,  and  make  them  faft  with  their  Middle 
to  the  Middle  of  the  Sails,  each  Leach  beginning  at  the  Head  and 
leaving  off  at  the  Clues :— Then  put  the  Sail  over  board,  keeping 
the  Oakum  Side  to  the  Ship's  Bottom,  and  haul  up  the  Ends  of  the 
Hawfers  on  the  other  Side  by  a  Hauling-line  which  I  have  fwept  the  / 
Ship  with,  numbering  each  End  fore  and  aft  5  then  eafe  away  oji  the. 
Hawfer's  Ends  on  that  Side  I  have  put  the  Sail  over,  and  keep  hauling 
at  the  fame  Time  on  the  Hawfer's  Ends,  on  the  oppofite  Side ;  when 
the  Sail  is  properly  down  which  is  known  by  marking  the  Hawfer, 
I  will  then  clap  on  Tackles,  and  boufe  all  taut,  keeping  the  Sail  clofe 
to  the  Ship's  Bottom,  the  Oakum  will  be  drawn  in,  and  ftop  the 
Leak.  The  Sail  may  be  covered  with  Horfe  Dung  or  any  Filth  I 
bave  on  Board,  which  will  be  drawn  in  and  ftop  the  Leak. 

J^.  Suppofe  the  Wind  Northerly,  and  you  were  in  a  Ship's  Hawfe, 
in  the  Downs,  what  would  yo  do  ? 

j/^  I  would  wait  until  the  Ship  tends  to  Windward,  and  heave  up 
my  Anchor  as  fhe  is  tending  ? 

J^.  How  would  you  work  a  Ship  out  of  the  Downs  with  the  Wind 
Southerly  ? 

jf.  1  would  ftand  to  the  Goodwin  Sand  in  10  or  11  Fathoms,  it 
being  fteep  too  5  and  to  the  Shore  in  8  Fathoms  Water. 
^  Is  there  any  Danger 'in  going  out  of  the  Downs  ? 
'  jf.  Yes  5  between  Deal  and  Walmer  Caftles  there  are  Shoals  near 
the  Shore,  not  having  more  than  16  or  17  Feet  Water  on  them  at 
Spring  Tides  ;  as  1  draw  towards  the  Foreland,  I  would  ftand  ia 
Shore  to  10  or  9  Fathoms,  and  off  to  the  South  Sand  Head,  Upper 
Deal  and  Walmer  Caftles  in  one,  will  lead  me  clear  oft*;  Deal 
Church  being  open  with  Walmer  Caftle  about  a  Ship's  Length,  I 
muft  ftand  out  till  I  bring  the  Lights  in  one,  then  I  am  clear  of  the 
South  Sand  Head  j  and  when  the  Light  houfe  opens  to  the  Weft  ward 
of  Folkftone  Church  with  Hay  Clifts,  it  leads  me  clear.  I  muft  take 
care  not  to  fliut  in  the  Hope-land,  and  the  South  Sand  Head  will  lie 
off  three  Miles. — ^To  fail  out  of  the  Downs  to  the  Weftward,  and 
the  Wind  at  S.  W.  I  will  begin  to  unmoor  at^  Quarter  Flood,  weigh 
at  High  Water,  and  caft  her  in  Shore.  But  to  fail  to  the  Eaftward 
with  the  Wind  Wefterly,  I  would  begin  to  unmoor  at  half  Ebb,  take 
up  my  beft  Bower,  and  v^eigh  at  low  Water. 

^.  The  Wind  at  N.  E.  in  moderate  Weather  you  mean  to  turn 
up  the  Swin,  at  what  Time  of  the  Tide  would  you  weigh. 

J.  At  flack  Water,  loofe  the  Sails  and  up  Anchor.    . 

*  ^  What  are  the  Marks  for  running  through  the  the  Gull  Stream? 

yf.   To  keep  the  Upper  Light-houfe  on  the  South   Foreland, 

iH  one  with  the  Weftermoft  Eiid  of  the  Scuthermoft  Clift  in  Old 

Staines  Bay  j  which  is  a  Swamp  that  lies  between  the  two  Clifts  a 
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large  half  Mile  to  the  Southward  of  Kingfdown  upon  the  South 
Foreland. 

^  How  do  you  know  when  you  can  weather  the  South  Sand-  • 
head?    .. 

vf.  When  Upper  Deal  Mill  is  open  to  the  Southward  of  Walmcr 
Caftle,  or  when  the  Light-houfes  are  in  one,  and  Folkftone  Church 
.  vfe  open  with  Hay  Clift,  I  am  clear. 

^  iSuppofe  you  were  coming  into  the  Downs  with  the  Wind  at 
y  S.  W.  blowing  hard,  which  Way  would  you  lay  your  Ship's  Head  to 
bring  her  up  ?  * 

jf.  I  would  lay  the  Ship's  Head  to  the  Eaftward,  and  come  to  with 
my  heft  Bower,  but  if  with  the  fmall  Bower,  I  would  heave  her 
Head  in  Shore. 

^  For  what  Reafon  would  you  do  fo  ? 

JH  I  fliould  then  keep  the  Cable  clear  of  the  Cut- water. 

^  What  is  the  Courfe  from  the  South  Foreland  to  Dungenefs, 
and  what  are  the  Dangers  ? 

A,  From  the  South  Foreland  to  Dungenefs,  the  Courfe  is  S.  W. 
by  W.  j;  W.  Dirtance  7  Leagues. 

The  Ripraps  lie  N.  £.  and  S.  W.  about  5  Leagues  in  Length, 
the  N.  E.  End  bears  from  Dover  Caftle  S.  3.  E.  4  Leagues,  from 
Folkftone  S.  E.  by  S.  Calais  Steeple  bears  from  it  S.  E.  and  Calais 
Clifts  S.  S.  E.  3  Leagues,  the  S.  W.  End  bears  from  Dungenefs 
E.  S,  E.'2(.  Leagues,  on  the  N.  E.  Part  there  are  but  15  or  16  Feet 
low  Water,  on  the  §.  W.  End  4  or  5  Fathoms,  it  is  fteep  too  on 
both  Sides,  having  20  and  22  Fathoms  clofe  to  it.  To  the  Weft-^ 
ward  of  Folkftone,  there  is  a  Ledge  of  Rocks  that  runs  a  large  Mile 
off  the  Shore,  I  would  come  no  nearer  in  than  14  Fathoms. 

About  4  Miles  E.  by  N.  from  Dungenefs,  there  is  a  Shoal  with 
not  more  than  12  Feet  on  it,  which  I  Ihall  avoid  by  keeping  in  10 
Fathoms. 

^  Where  will  you  anchor,  and  in  what  Depth  of  Water  under   • 
Dungenefs  f  '** 

A.  I  would  anchor  with  the  Nefs  Point  S.  W.  by  W.  the  Light- 
houfe  W,  S.  W.  athwart  Romney  Town,  in  8,  9,  or  ib  Fathom 
Water. 

There  is  a  Shoal  about  two  Miles  to  tlie  Weftward  of  the  Nefs, 
with  onl)^  18  Feet  on^t^t  low  Spring  Tides,  the  Nefs  Light  bears 
from  it  N.  E,  by  E.  12  ^thoms  clofe  to  it. 

J^.  What  is  the  Courfe  from  Dungenefs  to  Beachy-head,  and  what 
are  the  Dangers  ? 

A.  W.  |-  S.  Diftance  about  nine  Leagues. 

Off  the  High  Land  of  Fairleigh,  there  is  a  Shoal  of  rocky  Ground 
with  14  Feet  on  it,  and  lies  pretty  clofe  in.    In  the  Channel  off  Dun- 

fcnefs,  there  is  24  Fathoms,  and  off  Beachy-head,  fram  26  wjo 
athomsj  I  will,  in  thick  Weather,  keep  in  15  or  20  Fathom,  from  ' 
the  Nefs  to  Beachy-head.  When  I  deepen  my  Water,  haul  to  the 
Northward,  but  if  I  flxoalit,  haul  to  the  Southward.  In  clear  Wea- 
ther I  may  ftand  in  Shore  until  Beachy-head  bears  W.  by  N.  and 
not  have  lefj  than  10  Fathoms  Water,   muft  thcti  ucVl  tc^  -aNc^A 
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Pemfcy  Shoal,  which  lies  about  two  Miles  off  the  Shore,  with 
Pemfey  Church  bearing  N.  and  Beachy-head  W,  by  S.  14  Feet  oji 
it. 

There  is  a  Shoal  with  14  Feet  on  it  and  lies  with  Beachy-head 
W.  i  N.  7  or  8  Miles,  Pemfey  Church  N.  N.  W.  7  Milts,  and 
Fairleieh  E.  by  N.  12  Miles ;  £•  by  S.  6  Miles  from  Beachy-head, 
IS  the  Horfe  of  Willington,  afmall  Shoal,  having  16  Feet  on  it  at  low 
Water 

^  Being  off  Beachy-head,  at  the  Clofe  of  a  Winter's  Even,  in  a 
Gale  of  Wind  at  N.  E.  bound  to  Spithead,  what  is  bell  to  be  done  ? 

-//.  I  would  lie  too  with  my  Ship's  Head  to  the  N.  N.  W;  till 
Morning,  then  fhc  will  drive  about  a  Channel  Courfe  at  the  Rate  of 
two  Knots  an  Hour,  allowing  that  what  (he  would  lofe  in  the  Ebb, 
file  would  gain  in  the  Flood,  and  be  in  a  fair  Way  in  the  Morning  j 
I  would  come  no  nearer  to  the  Owers  than  18  or  20  Fathoms. 

^.  What  is  the  Courfe  and  Dangers  between  Beachy-head  and 
Duiinofe  ? 

J.  Tiie  Courfe  is  W.  by  N.  I  N.  Diftance  about  20  Leagues, 

The  Dangers  are,  the  Owers,  the  Mark  to  go  clear  off  the  Eaft 
Part  of  them,  is  the  Wnite  Way  on  Brow  Hill  in  one  with  Chichefter 
Church,  a  little  to  the  Eaftward  of  Pagham  Church,  and  the  Mark 
to  clear  the  W  eft  End,  is  St.  Rook's  Hill  in  one  with  Chichefter 
Church,  they  bear  from  Culver  Cliff  E.  S.  E.  J  S.  about  4  Leagues; 
there  is  a  floating  Light  on  them  which  has  been  ftiifted  feveral  Times ; 
in  going  down  Chiinnel,  if  I  keep  Dunnofe  W.  N.  W.  Northerly, 
will  carry  me  without  them,  I  will  come  no  nearer  to  them  in  thick 
Weather  than  18  or  20  Fathoms. 

i?.  You  r.re  coming  from  the  Wcftward  and  off  Dunnofe,  what 
WouTd  you  do  ? 

yf,  I  would  fteer  N.  E,  keeping  Sandown  Caftle  clear  of  Culver 
Cliff  until  Si.  Helen's  Mark,  which  is  a  white  Building,  is  open  of 
the  Red  Cliff  bearing  W.  by  N.  then  I  may  run  in  between  Bern- 
bridge  Ledge  and  the  Princieffa  Shoal,  but  with  a  Ship  of  a  great 
Draught  of  Water,  it  is  beft  to  eo  without  the  Princeffa  Shoal  until  I 
get  the  Kickergill  on  the  S.  W.  Part  of  A^onkton  Fort,  and  run  into 
Spithead  between  the  Buoy  of  the  Dean  and  the  Buoy  of  the 
Warner. 

N.  B.  In  going  for  Spithead  from  the  Eaftward,  there  arc  5  black 
Buoys  lying  on  the  Dean  and  Horfe,  they  muft  all  be  left  on  the  Star- 
board Side,  the  outer  one  is  called  the  Eaft  Buoy  of  Dean,  it  lies  27 
f*eet  Water,  the  Marks  for  it  are,  the  Flagftaff  of  Portfmouth  Plat- 
form, a  little  open  to  the  Weftward  of  a  round  Sentry-box  of  South 
Sea  Caftle,  bearing  N.  by  W,  |  W.  with  Dunnofe  open  of  Culver 
Cliff. 

From  the  outer  Buoy  to  the  next,  is  W.  N.  W.  about  one  Mile 
and  a  quarter,  it  lies  in  6  Fathom ;  the  third,  formerly  the  firft  Buoy 
of  the  Dean  lies  in  4  Fathom  ;  the  Buoy  of  the  Warner  bears  Weft 
Southerly  from  this  Buoy  about  i|  Mile,  from  the  third  to  the 
fourth,  or  Elbow  Buoy,  is  S.  E.  and  N.  W.  i  it  lies  in  three 
fFnthomsp 
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The  Buoy  of  the  Horfe  bears  from  the  third  Buoy  N.  N.  W.  about 
z  I  Mile^  and  lies  in  3  f  Fathom ;  from  this  laft  Buoy  to  the  firft 
Buoy  of  Sturbridge,  is  W.  |  N.  the  Royal  George  lies  in  13  Fa- 
thoms,^ of  a  Mile  to  the  N.  W.  of  the  Edgar,  the  Buoy  of  the 
Royal  George,  that  of  Noraan's  Land,  and  the  Kickefgill  lie  all  in 
aXine. 

The  two  Buoys  cf  the  Princefla  Shoal,  lie  N.  E.  by  N.  and  S. 
W.  by  S.  of  each  other,  Diftance  about  a  Mile;  they  lie  each  in  5 
Fathoms  with  4 -J  between  them,  the  Marks  for  the  iiuier  Buoy 
which  is  white,'  are  Sandown  Caftle  one  with  Culver  white  ClifF,  and 
Nettleftone  Point  on  Bembridge  Point,  the  Buoy  of  Bembridge  Ledge 
is  black,  and  the  Nob  Buoy  is  rfed,  they  lie  E.  N.  E,  and  W.  S.  W. 
of  each  other,  with  Dunnofe  open  of  Culver  Cliffs. 

^  Suppofeyou  were  to  the  Northward  of  Bembridge  Point,  bound 
to  Spithead,  and  the  Buoys  were  all  gone,  what  would  you  do  ? 

jf.  I  would  bring  St.  Helen's  Church  to  bear  W.  and  keep  in 
12  Fathoms,  and  ftcer  N.  by  W.  towards  the  Dean,  keeping  Arch- 
down  Mark  above  the  Trees,  will  lead  me  into  Spithead  abreaft  of 
Ride ;  if  it  is  thick  Weather  and  the  Wind  Southerly,  I  will  come  no ' 
nearer  to  Bembiridge  Ledge  than  6  Fathoms,  and  fteef  N.  W,  by  N, 
biit  if  the  Wind  is  on  the  other  Side,  I  would  come  no  nearer  the 
Dean  and  Horfe  than  10  Fathoms  ;  obfervingthe  Courfe  and  Tides,' 
I  will  anchor  at  Spithead  with  South  Sea  Caftle  N.  E.  by  E.  and  the 
Kicker  Point  N,  W.  in  14  Fathoms.  Eaft-India  Men  and  Mer- 
chants Ships  generally  anchor  on  the  Mother  Bank  to  the  Weftward 
of  the  Sturbridge  Buoy  in  10  or  5  Fathoms  ;  if  lam  obliged  to  turn  into 
Spithead,  I  may  turn  the  Kickergill  on  each  Side  of  Fort  Monkton, 
and  come  no  nearer  the  Warner  than  12  Fathoms,  nor  to  the  Dean 
than  9  or  10  Fathoms,  nor  to  Noman^s  Land  than  16  or  18  Fathoms 
being  clofe  it. 

^  How  do  you  come  to  an  Anchor  at  St,  Helen's  ? 

j^.  I  would  keep  Sandown  Caftle  juft  open  of  Culver  Cliffs,  and 
bring  St.  Helen's  Church  a  Sail's  Breadth  open  of  the  Red  Cliffs  of 
JJembridge  Point,  and  anchor  in  8  or  9  Fathoms. 

^.  Suppofe  you  were  moored  at  Spithead  with  a  Cable  and  an  half 
on  the  beft  Bower,  and  one  on  the  fmall  Bower,  you  have  orders  to 
fail,  at  what  Time  of  the  Tide  would  you  unmoor,  and  which  anchor 
would  you  take  up  firft  ? 

J,  I  would  begin  to  unmoor  at  the  firft  of  the  Flood,  and  take  up 
my  fmall  Bower  firft. 

^  In  failing  within  the  Ifle  of  White  and  through  the  Needles  what 
are  your  Obforvations. 

J.  To  keep  clear  of  the  Weft  Middle,  I  \Vouldkeep  South  Sea  Caf- 
tle a  Sail's  Breadth  open  of  the  Kicker  Point  until  [  open  Weft  Cowes 
Caftle,  then  fteer  directly  for  Hurft  Caftle,  and  when  abreaft  of  it, 
barrow  pretty  near  it,  then  fteei:  for  the  Needles  Point;  the  leading 
Mark  through  the  Needles  is  the  Light-houfe  in  one  with  Hurft  Caftle, 
bearing  N.  E.  by  E.  ^  E.  I  muft  be  careful  to  keep  the  Vanes  of 
the  Windmill  which  ftands  on  the  Ifland  in  Sight,  to  keep  me  clear 
of  Wardings  Ledge  j  great  Regard  muft  be  had  to  the  Tides,  for  the 
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Flood  fets  on  the  Needles,  and  the  Ebb  on  the  Shingles  with  great 
Velocity.  N.  B.  To  the  Northward  of  the  Weft  Middle  lies  the 
Bramble  j  the  Bramble  and  Weft  Middle  have  each  two  Buoys  on 
them,  if  I  fail  to  the  Northward  of  the  Weft  Middle  I  muft  fail  bc- 
twecji  it  and  the  Bramble,  leaving  the  Bramble  on  the  Starboard  Side; 
wh^n  I  come  to  Weft  Cowes  Caftle,  I  muft  give  it  a  good  Birth,  as 
there  is  a  Ledge  of  Rocks  that  Jie  off  it :  Warding  Rock  lies  on 
the  Ifland  Side  with  a  Buoy  on  it,  when  I  come  near  the  Needles, 
ini:l  give  them  a  good  Birth  to  avoid  the  Chalk  Rock*. 

.^.  What  is  your  Courfe  from  Dunnofe  to  Portland? 

y/.  W.  by  N.  1 6  Leagues. 

.'^,  If  you  are  forced  into  Portland,  what  Precautions  are  necef*- 
dry  t 

A.  I  muft  take  care  of  the  Shambles,  they  bear  from  Portland 
Llj^Iits,  which  lie  North  and  South  of  each  other  j  N.  W.  by  W.  4 
Miles  with  only  14  Feet  on  them  at  low  Water  j  to  lail  into  the  Road  ' 
from  the  Weft  ward,  I  muft  keep  clofe  to  the  Bill,  and  keep  my  Lead 
going  ;  wiien  1  am  round  the  haft  Point,  haul  up  and  anchor  againft 
the  Pier,  in  9  or  10  fathoms,  with  the  Bill  bearing  S.  S-  E,  Portland 
Caftle  S.  b.  W.  and  Weymouth  Caftie  N.  W.  In  failing  out  of 
Poriland  Road,  I  muft  keep  Week  Church  open  of  the  Stone  Pier, 
and  thiit  wih  carry  mc  clear  to  the  Eaft ward  of  the  Shambles, 

it  flows  hard  from  the  Road  to  the  Bill  E.  S,  E.  75  Hours,  and 
the  Flood  fets  rii;,ht  off  the  Bill  9  Hours. 

N.  B.  In  cafe  I  fliould  be  embayed  to  the  Weftward  of  Portland, 
and  no  poiiibility  of  getting  out,  between  Burton  and  Chifwell,  where 
it  ebbs  9  hours  and  flows  only.  3  Hours,  there  is  a  fteep  Beach  of  Peb- 
bles, I  would  there  run  my  Ship  on  Shore  with  as  much  Sail  as  I 
could  carry,  elpecially  at  the  beginning  of  an  Ebb,  and  remain  on 
Board  for  three  or  four  Seas,  when  I  may  get  on  Shore  with  Safety. 

i^.  Wnat  is -the  Courfe  from  Portland  to  Torbay,  and  how  do  you 
Ancnor  there? 

A,  The  Courfe  is  W,  N.  W.  and  Diftance  about  14  Leagues  j 
to  anchor  in  the  Bay,  I  would  bring  the  Berry  Head  to  bear  S.  by  E. 
or  S.  S.  E,  «ind  Brixham  Church  on  with  the  Pier  Head;  the  beft 
aiiclh.;ring  for  fmall  fliips  is  i  |  Mile  from  Brixham  Pier  Head,  in 
7  Fathoms. 

^.  What  is  your  Courfe  from  the  Berry  Head  to  the  Start  ? 

yL  S.  W.  about  6  Leagues. 

^.  Is  there  any  Danger  near  the  Start  ? 

A.  Yes,  about  2  A4iles  to  the  Eaftward  of  the  Start,  there  is  a  Shoal 
with  not  more  than  3  Fathom  on  it,  the  Bolt  Head  being  kept  open 
of  the  Start  Point  will  carry  me  clear  of  it, 

^  What  is  your  Courfe  from  the  Start  to  the  Eddiftonc? 
A.  W.  i  S.  7  Leagues. 

^  What  is  your  Courfe  from  the  Start  to  the  Ramhead? 
^  W.  N.  W.  7  Leagues. 

^  What 
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^  tVhat Is  to  be  obferved  in  {ailing  into  Plymouth  Sound? 

a1  If  coining  from  the  Weft  ward,  and  am  get  round  the  Ramhead, 
I  muft  give  Pedee  Point  a  good  ^irth,  by  Keafon  of  a  Ledge  of 
Rocks  that  lies  off  from  it,  then  haul  N.  N.  £.  f  E.  for  anchpring  $ 
the  leading  Mark  in,  is  Plymouth  Church,  open  with  the  Wtft 
Part  of  the  Citadel. 

In  going  into  the  Sound  I  may  anchor  in  Caufand  Bay,  in  20  Fa"> 
thorns,  with  Penlee  Point  S.  W.  and  the  Town  of  Caufand 
W.  N.  W. 

The  leading  Mark  to  carry  me  in  between  the  Knap  and  Shovel,  it 
Plymouth  old  Church,  on  with  a  white  Patch  on  the  Hoa« 

1  may  go  into  the  Sound  on  the  £aft  Side,  between  the  Tinker 
and  Shagitone,  by  keeping  Mount  Batton  a  Sail's  breadth  open  of 
Staden  Point,  and  keep  in  that  Dire«5^ion  until  Maker's  Church  bears 
N.  W.  and  Withy  Hedge  opens,  then  haul  over  to  the  Eaftward  and 
anchor. 

^  How  do  you  fail  into  Hamoaze  ?  , 

^.  I  would  keep  Kingfand  open  of  Redding  Point,  until  the  large 
Houfe  at  Stoke  touches  the  Eall:  Side  of  Mill  Bay  ^  fteer  in  until  the 
Obeliflc  comes  on  with  Block-houfe  Point  j  keep  in  that  Dire<Sion^ 
till  theEaftermoft  Summer  Houfe  on  Mount  Edgcumbe  Side,  comes 
open  with  the  Point  within  which  itftands;  then  fteer  for  it,  until 
the  Eaft  Point  of  Mount  Wife  comes  open  with  Block-houfe  Pointy 
then  fteer  Mid-channel  for  Stone-houle  Pool,  till  Drake's  Ifland  is 
{hut  within  Blockrhoufe  Point :  I  muft  not  open  it  till  South  Dowot 
comes  open  with  the  Obelifk,  then  fteer  up  the  Harbour  with  the 
Side  of  Drake's  Ifland,  juft  touching  Paflage  Point,  which  will  lead 
,  me  to  the  Southward  ot  the  Harbour  Shoal,  on  the  outer  Part  of 
which,  there  is  a  Rock,  with  only  16  Feet  on  it,  but  on  any  other 
Part,  there  is  3  f  Fathoms. 

N.  B.  The  Marks  to  know  the  Sound  when  I  am  coming  from 
Sea  in  the  Day  Time,  are.  Ram  Church,  which  ftands  to  the  North- 
ward of  the  Ram-head,  and  a  fquare  Tower  flanding  on  the  highefl: 
Part  of  the  Land. 

^  You  are  bound  into  Falmouth,  how  would  you  proceed? 

J.  In  going  into  Falmouth  there  is  a  Rock,  called  the  Block  Rock^ 
with  a  Pole  on  it,  and  fliews  itfelf  at  half  Tides  it  liesneareft  to  the 
Weft  Shore  J  I  may  fail  ia  on  either  Side  of  it,  but  the  Eaft  Side  is 
the  beft.  If  I  would  fail  into  Carrick  Road,  I  muft  keep  in  the  fair 
Way,  and  my  Lead  going,  as  there  is  a  narrow  deep  Channel  all  the 
way,  of  16  or  18  Fathom.  I  may  barrow  on  St.  Maw's  Side  in  5  or 
6  Fathom.  The  beft  anchoring  in  Carrick  Road,  is  St.  Maw's 
Caftle,  E.  S.  E.  and  lay  my  Eaftermoft  Anchor  in  16  or  18  Fathoms, 
and  my  Weftermoft  Anchor,  in  4  or  5  Fathoms.  Juft  paft  St.  Maws, 
there  is  a  Sand  that  is  ftcep  to,  called  St.  Maw's  Sand,  and  lies  al- 
moft  half  Channel  over. 

N.B.  Great  fliips  anchor,  with  Manacle  Point,  on  with  the  Point 
of  Falmouth,  or  a  great  Houfe,  that  is  to  the  Weftward  of  Penryn, 
juft  open  Trefufis  Point  in  18  Fathom.—- The  Manacles  lie  from  Fal- 
mouth about  S«  S.  £•  _ 
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^  Viov9  do  you  know  the  Uz^rd  when  you  firft  make  it? 

^.  It  is  the  boutherunoft  Land  on  the  Coaft,  and  lAay  be  i'ecn  7  or 
(Leagues  c^,  in  42  Fathoms. 

J^.  How  does  the  Lands  tnd  appear  when  you  make  it? 

J.  It  appears  hi  Hummocks  with  a  Church  on  it,  and  may  be  feen 
7  or  8  Leagues  ofF,  in  54  Fathoms. 

^  What  are  the  Dangers  off  the  Lands  End? 

ji.  Many*:— ift,  The  RunneUtoncjlies  about  i  f  Mile  S.  S.  W.' 
from  Toll-peden -pen with. 

'  2d,  N.  t .  by  N .  from  thcf  Runnel-ftone,  there  is  a  Rock,  called  the . 
Leaw- mean,- which  appears  at  half  Ebb,  with  a  Paflage  between  it 
^hd  the  Main,  feldom  ufed  by  any  but  Coalters. 

3d,  The  Wolf  Rock  bears  from  the  Lands  End  S.  W.  by  W. 
Diftance  3  Leagues  j  it  is  fmall,  and  may  be  feen  at  half  Tide  ;  the 
largeft-  of  tne  Brazen  Rocks,  kept  operi  of  the  outermoft  of  the  Long 
Stiips  (on  whicii  there  is  a  Light-houfe  now  ereding)  will  lead  nic 
clear  to  the  Weftward  of  the  Wolf. 

'4th>The  Long  Ships  lie  N.  W.  by  N.  about  3  Miles  from  the. 
S>W.  Point  of  the  Lands  End,  and  i  Mile  W.  N.  W.  from  the' 
Wcftermoft  Point,  they  are  high,  and  may  be  feen  4  or  5  Leagues  off. 

5th,  The  Kettle-Bottom,  is  a  Shoal  with  only  6  Feet  on  it,  and  lies 
about  half  Way  between  the  nethermoft  Part  of  the  Long  Ships,  and 
the  Wctt  Point  of  the  Lands  End. 

•  6th,  The  Brefam  Rocks  lie  about  3  Miles  N.  E.  by  N.  from  the 
libng  Ships. 

"  7th,  The  Sftven  Stones  are  a  Row  of  Rocks  that  come  not  above 
Water,  but  the  Sea  always  breaks  over  them  ;  they  lie  from  the  Lands 
Knd  W.  S.  W.  i  S.  Diftance  7  Leagues  5  and  from  St.  Martin's 
Head,  Scilly,  N.  N.E.  Diftam:e  3  Leagues. 

^  If  you  are  forced  into  Mount's  Bay,  where  would  be  the  fafeft 
anchoring  Ground  ? 

J.  Mount's  Bay  lies  between  the  Lizard  and  the  Lands  End ;  there 
is  a  high  Ifiand  on  the  Eaft&ixie,  and  a  Caftle  on  the  Weft  Side  of  it, 
called  St.  Michael's  Mount;  from  the  Eait  Side  of  it  lies  a  Ledge  of 
Rocks,  near  a  League  into  the  Sea:  the  Coaft  is  full  of  Rocks,  and 
not  fafe  to  anchor  in.  To  fail  into  the  Bay  1  mull  bring  St.  PauPs 
Steeple  W.  and  keep  over  to  the  Weft  bhore,  and  make  St.  Cic-' 
ment's  Ifland,  which  is  before  the  Town  of  Moufehole,  having  the 
Caffle  on  the  Starboard  Side;  I  {hall  then  fee  a  large  (iniiiy  Bay,  and, 
when  within  the  Ifland,  there  is  a  good  anchoring  in  7  or  8  Fathoms 
Land-locked  from  all  Winds  but  a  S.  £.  Wind. 

^  It  you  are  bound,  or  forced  to  go  into  Scilly, -what  would  youdo)  " 

jf.  I  would  fteer  for  St.  Mary's  Sound,  and  run  in  for  the  Souther- 
moft  Point  of  St.  Mary's  Ifland,  called  Penninis  Point,  minding  to 
keep  the  Lead  going,  and  approach  no  nearer  than  5  Fathoms  Water; 
about  N.  W,  of  Penninis  Point,  a  little  more  than  half  a  Mile,  is  the 
Woolpack,  the  Shoal  lies  near  to  the  Shore ;  I  muft  continue  to  run 
in  5  or  6  Fathoms,  keeping  pretty  clofeto  StiMar}'s  Ifland  to  avoid' 
the  Spanifti  Ledge,  which  lies  nbout  half  a  Mile  W.  by  S.  from  Pen- 
ninis  I^o'iut ;  feme  Part  of  this  Shoal  may  be  feen  at  4ow  Water,  and 
P^i  oi'  the  Woolpack  (hows  itfcU  Mot^  W  Water,    When  I  have 
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,^ot  abreaft  of  the  Wooolpack,  to  which  I  muft  give  a  good  Biitb, 
about  a  Cable's  Length,  and  fleer  for  the  Stevel  Rock,  which  is  bold 
to;  when  Ian™  abreaft  of  the  Stevel,  muft  fleer  N.  W.  by  W.  until 
little  Crow  Ifland  comes  on  with  Bantfcarren  Point ;  then  fleer  N.  N« 
£.  until  Crow  Idand  comes  open  a  Ship's  I^ength  of  Bantfcarren 
Point,  or  bring  the  Caftle,  which  is  on  St.  Mary's  Ifland  to  bear 
S.  S.  E.  and  anchor  in  6  or  5  Fathoms  Water. 

N.  B.  The  foregoing  ^ejiiont  and  Anjhioers  have  been  examined  hyfe*veral  em* 
ferienced  Naval  Officers,  ivbo  only  di/agreed  in  fome  Particulars  refpeding  ibt 
'Working  of  a  Ship  at  Sea,  Others y  indeed,  who  pretended  to  great  Nautical 
Knowledge,  could  do  little  more  than  Qiiibble  and  Carp  at  Parts  theyfeemed  un^ 
Me  to  amend.  As  I  do  not  take  upon  myjelf  to  determine  ivhicb  of  them  *was  rights 
ii  is  hoped,  every  judicious  Mariner  ivill  excufe  any  Errors  be  may  find  in  the  ab^ve^ 
ivbicb  is  principally  infended'to  fix  the  Attention,  cmd  facilitate  thefpeedy  Imprwtit^, 
ment  of  young  rrtUlitioners  in  Seamanfbip. 


^eceflary  Remarks  on  coming  into  theCHANNEL% 

PERSONS  coming  from  a  long  Voyage,  without  Doubt,  try  for 
Ground  in  Time,  and,  ifpoffible,  would  keep  in  the  Latitude  of 

.9^  N.  in  which  Latitude,  and  in  90  Fathon^s  Water,  you  will  have 

ne  Sand  66  Leagues  from  the  Lizard ;  but,  fliould  you  be  in  the 
Latitude  ofScilly  then  coarfe  Ground,  and  50  Fathoms.  In  coming 
in,  having  ftruck  Ground  in  90  Fathbms,  you  will,  from  the  Lati- 
tude 49®  30'  to  49°,  meeit  with  the  feme  Depth  j  then,  failing  6  or  7 
Leagues,  you  will  flioal  5  Fathoms  at  once  j  you  run  in  that  Depth 
for  fome  Time,  and  deepen  again  ;  and  perhaps  in  three  Leagues  you 
fhoal  again  5  for  it  is  to  be  fuppofed  the  Ground  is  not  gradual :  You 
muft  therefore  have  Rtcourfe  to  the  general  Soundings,  not  to  Par- 
ticulars. But  if,  in  coming  in,  you  meet  with  Sand  interfptfrfed  with 
black  Specks  like  beaten  Pepper,  and  you  have  64  Fathoms,  then 
Scilly  bears  N.  E.  by  N.  14  Leagues ;  and  if,  at  any  other  Depth^ 
you  have  the  fame  Soundings  from  90  to  64  Fathoms,  you  have  the 
Channel  fairly  open.  When  you  ar^  in  the  Latitude  49®  30',  and 
have  75  Fathoms,  you  muft  be  fure  to  fteer  E.  JS.  K.  \  E.  and  then 
you  will  but  keep  your  Latitude  good  ;  which,  if  poftible  do  not  go 
to  the  Northward  of,  till  you  get  within  Scilly  ^  nor  then,  without 
you  have  an  Opportunity  of  making  the  Land.  When  you  are  a- 
breaft  of  Scilly,  \i  you  be  not  to  the  Southward  of  49®  25',  nor  to  the 
Northward  of  45**  30',  and  have  60  Fathoms,  you  are  lure  to  be  the 
Length  ofScilly,  and  in  the  Latitude  as  before  mentioned  j  with  35 
Fathoms  you  are  a-breaft  of  the  Lizard. 

N.  B.  It  is  beft  to  keep  in  the  Latitude  49*^  24^  and  fteer  the  above 
Courfe,  for  the  Tide,  a  good  Way  to  the  Weft  of  Scilly,  runs  9  Hours 
to  the  Northward,  and  but  3  to  the  Southward. 

If  at  any  Time  you  (hould  be  to  the  Southward,  and  have  from  90 
to  70  Fathoms,  or  in  the  Latitude  of  UQiant,  or  farther  Southerly, 
;ou  wiU  have  reddiih  Gravel  Sand,  with  many  Pieces  of  Shells  ; 
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which  Soundings  are  no  where  to  be  found  in  die  Channel.  If  in  the 
Latitude  of  Ufhant  you  have  86  Fathoms,  you  are  diftant  from  thence 
^6  Leagues ;  if  70  Fathoms,  1 1  Leagues  ^  then  you  muft  be  careful 
in  the  Night,  or  thick  Weather  to  come  no  nearer  to  it  than  63  Fa^ 
thorns,  nor  to  the  Learns  than  65  Fathoms.  You  may  know  when 
you  are  to  the  Northward  or  to  the  Southward  of  Scilly  by  the  Ground. 
When  you  are  to  the  Northward,  or  in  the  Latitude  of  it,  vou  have 
Ouze  on  the  Lead  from  85  to  60  Fathoms;  then  you  muft  haul  to 
the  Southward  till  you  meet  with  coarfer  Ground,  which  you  will 
liave  to  the  Southward  of  Scilly;  you  may  depend  on  having  Ouze 
on  the  Lead  in  this  Latitude,  or  to  the  Northward  of  it}  fo  that,  if 
you  keep  the  Lead  going,  you  may  prevent  falling  to  the  Northward. 
For  your  better  knowing  when  you  are  near  Scilly,  you  will  find  on 
Ae  Lead,  black  Stones,  the  like  of  which  are  no  where  elfe  in  the 
Channel.  In  the  Night  come  no  nearer  than  53  Fathoms  j  and  in 
that  Depth  you  are  riot  above  3  Leagues  from  the  Scilly  Rocks. 
That  you  may  know  if  you  be  within  Scilly,  and  in  the  Channel, 
ftand  to  the  Southward  and  you^will  have  deeper  Water;  to  the 
Northward  and  you  will  have  (hoaler.  Come  no  nearer  to  the  Lizard 
in  the  Night,  than  45  Fathoms.  If  running  up  the  Channel  in  the 
Night,  keep  without  the  Stream  of  40  Fathoms,  for  in  that  Stream 
the  Elddyflone  lies :  Between  the  Start  and  Portland,  no  nearer  than 
04  Fathoms ;  nor  from  Portland  to  the  Nefs,  than  20  Fathoms,  if 
in  the  Night  or  thick  Weather.  When  you  are  in  a  fair  Way  up 
Channel,  you  will  always  have  fine  Sand,  intermixed  with  black 
Specks  and  Hake's  Teeth.  .  Bv  this  Time  you  will  moft  probably 
have  made  the  Land;  but  obferve,  th^t  between  Beachy  and  the 
Wight  there  are  from.  30  to  38  Fathoms  Water,  by  which  you  may 
le  led  to  imagine  yourlelf  farther  out  than  you  are.  That  Depth  is 
found  at  four  Leagues  Diilance  from  the  Oars  and  £aftborough« 
liead. 

I  (hall  now  take  my  Leave  of  the  young  Sea  Officer,  with  ac- 
quainting him  that  the  following  Tables  are  all  numbered  for  the 
more  readily  working  his  Day's  Works  at  Sea,  which  he  will  doubt- 
lefs  rather  do  himfelf,  than  copy  it  from  that  of  •thers. 
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23.9 

^1 

54- 7  05 '4 

J5 

114.4^''^ 

75^74 

17 

J 

3S>33-9 

23,0 

95 

293.6 

29.0 
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Scj  ly        H 

^St.  Mary's, dr>* 

French  Cm  ft, 

*  Cflhis  — 
Cape  Gila  Nts 


Liu 
D.  M. 

I  3 
o  5* 

°  S3 

o  44 
,o  47 
;0  46 
10  43 
0  36 

0  47 


Etlplcii 


0  30 

Q    41 

,0    41 

57 
17 
3^ 
37 


o 

0 


9 

S 

S 

It 

o  17 


12 
S 

s 

S7 
g 

:^^^7 

;o  58 
5^44 


50  31 


Ujng* 

[H.W.H 

U.M. 

H.JVI. 

I    30E 

I  14 

II      ■ 

»     S 

10     I 

0  47 

^0     i 

0  s6 

,10     ^- 

0   iiW 

g    ; 

0  s6 

9    i 

0  41 

0  36 

9     I 

I     0 

1^    J 

0  59 

M    ^ 

I   10 

9 

J   14 

9 

1  14 

9     4 

^    5 

9 

a    K 

7     { 

i  30 

*>     i 

^  31 

7    i 

3  i» 

6     i 

3  tra 

6     J 

3   33 

fi     1 

3  4^ 

5     ^ 

3  47 

6 

4t8 

5     * 

4    %2. 

5    - 

5  f 

6  1 

4  15 

4  i^ 

4  47 

5    V 

4  5+ 

5    ^' 

S     5 

S 

S     6 

5 

5  7^ 

5 

5  J4 

5 

S  37 

S 

^4« 

5     . 

f6  30 

4    i- 

5  55 

4     i 

6  4^ 

4     i 

6  35 

4    i 

I  57E- 

1  40 

3     f 

J  44 

3     t 

1  47 

3     i 

Si.  VJIcry 
Fi:c^mp         ' — 


^  Havre  dc  Grace  49  29 


Mauth  ot  Scim 
Caen 


Cape  Barileur  Li  49  44 
Chcrfcoitrijh  49  38 

Cape    St.    Ger- 

maJn'i      - —  49  46 
Alderncy  (.  W, 

I^pint        *-^ 
Cijfketi  Lights 
Gucml'cyl,  W. 

Poifit'       

S^rJiJ.N.  Point 
Jcifeyl.NWrt 

*  Cout^nce 

*  Granville 

*  Arrant  he  B 

*  St.  Maloe 
Cipc  Frehd 
St*  BrleuK 
Dc  fifiiliJt  I* 
Roche  Blanche 

*  St,  Anthony^ 
Lights      ^— 

*Ufiiant,W.Pt 


Lai. 
D-M, 

49  50 


49  ^7 
49  '1 


Long. 
D.JVt. 

0  47E. 

1  JO 

30 

IJEr 

loW 
]6 

7 
^1 


49  4* 

49 

4S 

49 

1^ 

48 

28 

49 

16 

49 

1 

4* 

5° 

48 

41 

48 

:j9 

4848 

4« 

31 

4K 

5^ 

4» 

59 

t  51 


36 
16 

t7 

£1 
31 

17 
56 

2Z 
48 

5* 

3  S» 


IT 

II 

9 
9 

II 
to 
7 


48  40        4  14        6 
48  19        4  58     [  4     J 

The  Current  in  the  Mid,  Channel  in 
N*  E.  jhout  t  H*  30  M.  after  Hrgh  Waters 
jnd  }i  runs  off  Dungenefii  ^  H.  to  4  and  an 
hair  Houi  a ;  \i\  the  DL>wns  4  H^urs  j  and 
Eai*  in  the  Kind's.  Chiund,  3  Hours  after 
High  Water. 

'1  h<:  fo]lo\vine  Tabk  (hews  tht:  Time  of 
High  Wcittr  at  the  principil  Headbnd^, 
i:c,  in  the;  Ch^iniicl,  on  full  and  Chang«- 
Day^i  and  the  Time  the  Current  runs 
alter  High  Water. 

The  Current  runs  nfter  H»  W. 

Hj&hW:it€r 
At  the  Li?,aTd  at 
OathcEddillonc 
Oft' the  Start 
Off  Part  land 
OffL  of  Wight 
Qfi'Arundftl  ajid 

Shore  h^m 
Off  Beachy 
Off  Dungenefs 


H,M. 

H.M 

5     <^ 

3     ^ 

!^.^ 

5  10 

6  m 

3     ^ 
a  3c 

«i 

I   '^ 

3     0 

fS 

8  H 

3  15 

9  15 

J  15 

9  45 

J  15 

P 

10  30 

4     D 

H-M. 
S 

8  30 
£  30 

10  15 

11  IQ 
10  ^O 

II 

X   30 


N'cjte,  H.  W.  ftands  for  High  Water  j  R*  for  River;  L  fq^  I  Hand  j  P..  for  PoijQt; 
and  C*  for  Capr»^Thr-  Longitude  h  reckoned  from  the  Meridian  of  Lo^ndun, 

NoTS,  The  Variation  in  the  Englifh,  and  St.  George* 3  Channel,  h  25"  30', 
ind  on  the  Eaf!  Cos  It  of  England  14*  Weft,  and  about  the  Orkni^ys  and  Shttbndj 
HI  and?  about  i^  Points,  oti  the  Wefl-em  Coaft  of  Ireland  1  l  Pdnts  Wf-ft,  jjid  U 
round  t^  \iiry  bet.vecn  11  and  ii  Minutes  Wefteiiy  every  Ye^ri  or  1  Degree  tn 
<j  I  Years,  there: fore,  by  adding  a  Drgrce  for  eve^y  5  ^  Vears  to  the  Vanatif»n  here 
giveji  for  1791  s  ypu  wili  hare  the  Variation  nc;trly  for  Jisiy  fuccccding  Vear* 


Table  IV. 


Frcm  the  N&rth  Farmland  to  Di4n- 
can^s  Bi^  Head, 


I. 


•N6rtk  Forcknd 
Xeutiffi  Kn^k 
Long  Sind  Head 
G^lupcrN.  P- 
^•Y)\wn  S'luth  P. 
fsKipijriili  N.  P. 
Ditti  Sdtitk  P. 
Cjbbard  — 

Orfbrdjitfa 
Aldboro*  knap  3 J 

South  Pp 
Sak^lhwold 
Leoiiiff  Lights 

*  YjfrntJuih 

Lights        ^ 
SmitKs  Ktiowl 
Haijborough 

Sandj  S.  P. 
Dittoj  North  P* 
Crom«r  Lights 
Lcxnistn  ;uid  Ow 

er,  North  P, 
Dittit,  South  P* 
Cramer  Bank 
Dudgeon  Lights 
Outrr  Dowfmg^ 
inner  Dowfiijgi 
Lynn  Dccp5 
Spurn  Lights 

*  FJjmborough 
Hcjd      

YWcy  Brig 
StJrborough 
Rnhin     Hood*i 

Bjy         

Whltbjf         . 

Rtvtr      Tce*a 

Mouth, 

Stockton     *f— 
River     Tee's 

^ 

caftje 
Cd^itet  Ifland 
St.i^Ies  Ifland* 
Holy  in^ind 
Berwjck       ^— 
St.  Abb's  Head 
Dunbar       *— ' 
May  h  LigJiu 

*  Edinburgh 

Fife  Nefs      

Mouth  of  Tay 
C.Rmrk,  off  do- 
Red  Hcftd 
Montmfe 

New  Aberdeen- 
Peter  Head 
Bu^'him-Nefj 

P'Kinnajrd'3  Head 


Lat.^ 
D.M* 
SI  ^5N 
1'  43 
SI  4H 
SI  s8 
SI  48 
S*  9 
5*  1 
5^    S 

s*  n 
%^  15 

51  aS 
S*  45 
Si  54 

Si  57 
Si  58 

SJ  10 
5J    6 

S3  *7 
S3  i3 
S3  *7 
53  ^7 
S3  42 
S3  i4 
S3     o 

53  41 

54  10 
54  >7 
54  i< 

4  3° 
>4  S'^ 


5+4^ 


SS  a 
55  IT 
S5  39 
55  4i 
55  47 
?5  57 
55  59 
50  It 

55  SS 

sfi  15 

S7  »7 
,6  29 

56  3« 

56  44 

57  7 
57  34 
57  31 
57  30 
57^3^ 


I  Long- 
D, 


M. 

45 

45 

o 

S9 
43 
39 
4S 

40 

49 
37 
49 
45 

40 
»o 

48 

34 
ifi 

43 
45 
S^ 
o 
o 
55 
^7 

7 
13 

17 


o  59 


»    9 

T  Oil 
I  33 
1  38 
I    49 

I  s« 


33 

a? 
6 

49 

^4 
o 
i3 
£8 
Sr 
»S 
44 
33 


8     i 


7   i 

7    4 

9 


I    i 


D.M. 

Loijg. 
D,M, 

H 
H 

Fort  St*  Georfe 

57  31  N 
57  i» 

343W 
3  45 

Crjmartie        -^ 
Tarbet  Nefs 

Caithncft     

Nofc  Head     — 

57  4i 

57  Si 
53  17 

58  iS 

3  37 
3  H 
3  15 
f  56 

DuncarifbyHeid 

SB  43 

i   57 

H.W, 
H,M. 


8     I 


Ihi'  Orkn^  [Jiands, 


rlci  ^^  ■ 

StroJDO  ^^ 

Sooth     RonaJd- 

ftj,  South  P, 
Copirtiha  .^ 
Lamb:;  Head^  on 

Strojifal  L 
North    Ronald- 

rtia.  North  P. 
Mould  Head,  on 

P4tra   Wcflrra 

llland  ^ 
Noup  Head,  on 

Wcftrt  L 
Marwick   Head, 

on  Pomona  L 
Hoy   Head,    on 

Hoy  WeiJfi  L 
Slue  Skerry 
F^ir  in  and 


584SN 
5845 

1  53W 
i  59 

5S  47 
S8  54 

-    Si 

»  37    ! 

59    4    , 

a  39 

59  7,-^ 

a  £1 

59  =1 

*  5i 

S9  18 

3    ^ 

59  e 

3  16 

S«55 
59     3 
59  30 

318 

3  i4 

X  38 

11     1 


11 

9 

9 

to 


"l/Z/t'  Shetland  Ijiands^ 


Sumtiug     Head, 

SoBth  Point 

S9  47N 

I  S9W 

Rofe  Of  HatigSifr 

60     9 

0  .^3 

Br^Ok      Sound, 

La  r  wick 

6r  II 

1    1    ; 

Out  Skerries 

60  25 

0  \t 

w^fey  ra? 

£0  z5 

0  46 

Unfet,  N.E.P. 

60  47 

0  15 

Fnul  Illand 

60  £5 

1  50 

The     Munk" 
Rock,  appears 
like     a    Ship 
und[:r  Slil 

FoUt  L  N-  E, 
prC  of  FertB 

Eail  Point  of 
Mvgcne5  I  ft* 
N.W.  partof 
Fcrro  *™- 


61  tSN 

#47>V 

62  fft 

617 

61     3 

7  3J 

Fram  Dumanii  Bay  Htad  ta  iIm 
Land* s- End, 


Uuncinfhy  Head 

SS  43  >^ 

X  5!iV* 

Dunncc  Hei^d 

5^  44 

3  J8 

T  a  root  Head 

58   3« 

5    <> 

Cape  Wrath,  or 

Barre  Hc*d 

S8  33 

5  J3 

rl     I 


Table  IV. 


Mfc^ 


A  Rork  fctn  at 

Rum  Idind 

St.  Kilda 
ButtofthrLewU 

FJaniiiin  I* 

B;&raH«>d 
JR^fej  very  ian 

gcroui       -*— 

Rum  1.  Weft  p. 
Tifcfy  U  S*  P. 
Colt  I-  ^t>r\kP 
Bom  filly  Rocks 

IlaL  S,  W,  P. 

lUcMand  J.  £ 
r^         — 

[MuU  of  Cantire 

I,  of  Arr*n*  S. 

^*  Pan 
CtTTQraj  I.  Bn- 

I     tranccofChdc 

(£lf^™  I. 
Irwia 

}AiT 

[Loch  Ryan     '^ 
Pah  Patrick  LtJi 

JMntl   of  G;i1b- 

way 
Gr*at  Scur  I, 
Burrow  HtadI 
SaLw4y  Fircb 
St.    Bec*s  Head 

Light 
Whkehaven 
Sellier  Rock 
LjncaffcT 
Livtrjjool 
CrcLic  Oims  Kd* 
S  kerne  5  Ught 
Halyht^d      — ^ 

tBiwhy  Pool  Hd. 
RarJjcy  L 
Barmouth 
Carvi'giiil     Har- 
bimr  - — 

Strurnhk  Head 
St.David^iHcid 
R^tnfcyL 

Houfc 
St.  Atin's  dittoj 

MilfotdHaven 
Worms  Head 
Caldy  I. 


Lit. 

Lou?* 

H.WJI 

D-M, 

D.  M, 

H.M. 

5«4SN 

5  2!W 

J 

s»  ss 

6   9! 

57  18 

10  11 

S7  S' 

«  56 

1 

$%   11 

6  n 

4  V 

5|  5 

7  8 

53  n 

7  3^ 

4  4 

sr  3* 

7  ja 

57  ai 

7  56 

S  i 

S^  33 

7  41 

S  ^ 

57  4fi 

7  4 

s   X 

S6  5S 

ei52 

56  S" 

GS* 

S<^  59 

64. 

s    1 

56  *6 

7  3 

SS  S9  , 

6  36 

S6  9 

7  J 

s    ^ 

56  4 

7  9 

r    1 

55  37 

647 

.0  j 

iS   3' 

6  30  1 

10  1 

SS  17 

^17 

9  i 

SS  1% 

e  0 

55  *S 

S  *7 

5S47 

s  17 

55  16 

S  ^4 

55  1^ 

S  0 

1 1     ; 

55  i^ 

4  57 

TI 

SO  3 

5  21 

11  1 

54  4S 

S  10 

54  37 

5.S 

54  40 

4  57 

f4  4' 

4  39 

54  47 

4  3^ 

IT    ^ 
11          i 

54  l^ 

3  SO 

"  4 

S4  1J 

3  47 

J I  * 

54  16 

3  39 

5+  3 

3  3 

11   t.  ] ' 

S3  17 

3  Ji 

"  1' 

S3  1^ 

4  3 

ro  1 

53  iS 

4  5^ 

5  1 

S3  39 

4  5^ 

9  I 

S^  47 

4  S7 

7  f 

SI  45 

5  0 

^  1 

52  4S 

4  Tl 

a 

^2  12 

4  47 

7  i ; 

sa  c 

5  JO 

7 

51  55 

5  20 

6 

SI  48 

5  -1 

6 

5t  ^S 

536 

9   ,' 

:^t  44 

5  r° 

■M! 

5<  35 

i  ^  *^ 

s   1 

5f  43 

442 

5  i^ 

I  Lit. 

Lundy    L     £n-i 

trance  of  Brit- " 

tol  Channel       51   15N 
Mort  H,  S.  En-j 

trnceofditta  5 1    1 5 
Rartlaiid  P.  ^51     4. 

Piidftow  ^^50  41 
rowjri  He4d  IJO  50 
St,  Ives  Bay  1 50  17 
Cipe  Ort-nwjll  1 50  Id 
ThrS^venStDncs  50  6 
The  Wulf  Rncic  J.9  57 
The  Lm^'^  Bod ;  50     6 


Ume. 

O.M. 

444W 

4  M 

433 

4  SS 

5  7 

5  34 

5  SS 

613 

6  2 

5  SS 

hi:iand. 


Cirt  Clear 
F^fnet  Rock 
CrcHikhavfii 
Mizfn  Head    . 
Sbfitpii  Head 
Gantry  Bay 
GrfUfih  Rockfi 
DurfejL  W.Ph 
Buti  Rock 
Cow  ditto 
Cosr*  Head 
RcnmaT;  Bjy 
L^mb  Hs^ad 
Hn^I.  — 

Hoij'5  Hcid 
iJoltis  Head 
Skel  ling*  3  Rocks 
Lemon  Rfltk 
Boy  Head 
Dmglc  Bay 
Fi>ze  Rrpcit 
Frelwr%  I. 
Tlfaght  Rocka 
Greit  Blajket 
£mJi  Tufcan 
Dunmojc  Head 
Dunnrling  Head 
Brandon  Heid 
Tlie  Stvcn  Hogt 

Rocks      

T^erry  Hi^ad,   S. 

Entrance      of 

Sbannfln  Ri^h 
Lonp  Hcaft,    ^, 

!Entrjnci;  dittf> 
North  Arran,  or 

Killancy      — 
CaKvav  Bay 
Sline  H^iaJ 
Ennk  Shark  I, 
EtLMis  Turk  I, 
Chrt  I  Hand 
Achill  Head 
Hiack  Rock 
Urrii  Head 
Br044  Haven 


51  ijN 

9  SOW 

51  13 

9  SS 

51  19 

10  5 

51  1* 

IP  n 

SI  14 

10  15 

51  26 

JO  to 

51  22 

10  41 

Sr  z6 

JO  45 

SI  17 

10  45 

SI  27 

10  4* 

SI  31 

10  3;^ 

SI  35 

10  5c^ 

S'  3» 

|o  37 

5"  37 

icj  47 

51  41 

10  4! 

5t  41 

10  55 

SI  40 

11  10 

51  41 

i\     2 

S'  47 

10  49 

S*  55 

11  0 

SI  S4 

II  14 

sr  56 

II  21 

5'  S7 

ij  14 

51  57 

Ji  9 

51  0 

II  23 

SI  S9 

"°  5S 

5*  5 

10  S7 

52  9 

10  46 

S»  IJ  1 

10  37 

51  IS 

10  31 

51  13 

10  33 

S3  6 

10  17 

S3  9 

9  S9 

53  i3 

10  49  1 

53  34  , 

10  51 

S3  4*5 

10  41 

S3  4S  J 

10  36^ 

53  S6- 

10  49 

^*  J 

'o  53  . 

S4  >« 

10  37 

S4  IS 

10  19 

3 
3 

4 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
J 
3 
3 
3 
3 
3 
3 
3 
3 
I 
I 
3 
I 
3 

i  i 


Table  IV. 


L.U 

Loog. 

H,W* 

D,M. 

D.M, 

H,ll. 

Scag  Rflcks,  qH' 

i^r(?;7i  Ujlant  to  Cape  SparteL    \ 

L    Broad  Haven 

54  J»iN 

10  14W 

S 

,' 

Down      i'lmck 
Head         

54  iS 

9   sS 

5     , 

A-aU  -    . 

i«tt»g.- 

« 

Sligo  Biy      

S-f  15 

9   18 

5  i 

D.M. 

D.M. 

JEunis  Murray  1« 

S4  *4 

9   18 

S        1  *  Ufliant      

48  29N 

5    oW 

SI 

'Dnne^d  Hay 

54  30 

3     6 

5  ^' 

hi  Brift     •  — 

48  23 

4  »5 

TiWeti  HE^d 

54  33 

9  »5 

5     f 

PomU  Rax 

48     i' 

440 

ArranmoTC 

S4  5^ 

n   s 

5     ; 

Ptnnc  L'Abbc 

47.48- 

4  " 

Tory  I  (land 

5S  J5 

S43 

4     1 

lOds  dcGienan 

47.44 

4     0 

•LoLh  Swiily 

55  if 

s    s 

5 

L'Oticnt       — 

47  44 

3  »i 

;M^lin  Hrjd 

5S  13 

7   5S 

4 

iDc  dc  Grofi 

47.36" 

3:2:8 

Enniftmhitl 

CuSbtron   ■    — 

47  34' 

J     5 

^  Rockj      

SS  H 

746 

4 

*  BcHe  inc    — 

47  17 

■3     I' 

•  « 

Jniflioin    Hcud, 

Huu:it  Iflc .    — 

47  20- 

•a  57 

Entrance      of 

Duraet  lile     -— 

47  15 

2  52 

Londonderry 

<S  '3 

7  ^4 

4 

^  Nantes      

47.13' 

1  25 

Ecngnte  Head 

55  .14 

;fi  5i 

.4 

Jfntirmoufter  I. 

Dieu  rne  ■  -^ 

47.  a 

•2  10 

Rathlhj  I.  Weft 

4«'4»- 

2  16 

i^oiiit       ^- 

55  19 

^6  25 

fi  16 

8 

*  RochcBon  ' 

46  14 

2   21 

- 

Fair  Head       -- 

SS  IS 

t^    1 

Ree  Iflc          — 

46:15 

•I    28 

Thi:  Maid^i 

rRocheUc       *- 

46 .  ^- 

I     4 

Rtxlta       

54  55 

546 

10    i 

*  Rcjchfort       ■- 

4^.  r 

0  53 

Bell'aft-Lnth 

S"*  40 

5  45 

iQ-    1 

Ql^riMi  iHe        - 

46  r- 

-I  19- 

Copefaid  Lights" 

54  4' 

5  33 

JO     1 

Cordovan  Light- 

■ 

at.  JohnV  P. 

54  1^ 

5  49 

ti 

Hmrfe'        J- 

45'"36 

I     6 

4    i 

Dundrum     ^— 

54  n 

6.     Q 

II 

*  Bordeaur      - 

44-;5^- 

0  30 

Carlmgfmdt^dv 

5^4  .  0 

6  la 

10    1 

C\Fet«t     .    ^ 

44  43 

■I  IP 

' 

Dsnd^k       

53  57 

6  =^7 

*  Biyonne      -»- 
C,  Machicaco 

43 -^T- 

I  24 

3    i 

Drogheda  Bar 

^3  45 

6  i£ 

II 

43  jr 

3  15 

Sft>  F4trick*s  1. 

53  3<i 

£    IQ 

ir 

BUboa".         — 

43  15- 

3     I 

Laojbjy  Ifland 

13  31 

6     7 

II 

C.  dc  Lata      ^ 

4-3, 34" 

3  53 

Doblici          

53  s^ 

6  11 

II    i 

C.  Penas        JL. 

43  4« 

548 

Wicklow  Li^lits 

51  S9 

6     7 
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*  C.  Ortegal 

43  46 

•7  36 

Wenfotd 

52    2X 

6  30 

8-  f 

C.  Prior         — 

43  31  • 

8    8 

*"' 

Tnrkei  Rock 

S*  j% 

6  14 

s  4 
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43  30  " 

8     0 

Carntoi^  P. 
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'6  ij 

5    ^ 
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8    12 

^ 
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6  3fi 
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C*  Turiana 

43    4 
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Dunga^un  ■  — 
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Sr  57 
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.. 

Yougholl     , 
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8  46 

■ 
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39  *4 
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; 
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; 
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^  The  Rock  of 

t 

Kiofale    ■— 

51  30 

?4x 

■4 

Litbon        -^ 

38  45 

9  3* 

' 

Seven  Headi 

5^  17 

S  5z 

4 

*  Liibon        -*- 

384a 

9     7 

3  i 
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5^  ^5 
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3821 
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'the  Sta-s,    off" 

St.  Ubcs        — 

38  29 
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Toe  Head 

51  J? 

')  ^Z 

"4'  ■■ 

♦  C*  St.  Vincent 

37    2 

8  56 

, 

Baltimore    Har- 

C. St.  Mary 

37     0   ■ 

7  55 

bour         

51  10 

9  4^. 

4 
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•  Cadiz            — 
C.  Trafalgar 

37     6 
36  31    • 
36  10 

«5J 
6    6 

5  56 

I  4 

^ 

The  fjle  GfJl^ 
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*  Gibraltar    — 

36    5 

5  16 

3  i 

Ceuta  "          — 

35  50 
3548 

5  " 
J  48 
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5    3 
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^*  C.  Spartcl 
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54     7 

4  4--    , 

Ramfay  Bay 

54  17 
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■ 
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54  *5 

4  34 

.0  If 
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54  11 
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C.  LJncontm  *— 

Zom  ^  - 

C*  Bcrtga*!!  ■ — - 

C.  Razjt 

Deme  ^    ' 

C*  Rizatla  -*         ' 

C  Luco  ' 

C,  Solimun  

P»  Ramitart  • — 

C  L^^/cj^o  — 

C  Capopero  — - 

C,  Rofc  ^^ 

Akujndi-jft  '^— ^ 

C,  Bnile  

D^mbti  

C\  GiUo  ' 

faff* 

M.  Carmel  ^- 

C.  Virda 

Tfipniy  

Tortfjfa  

C  Saudin  ^-^- 

C»  Ciijiin  

•  Ai«x4!itlKttii  or  Scan^ 

dcfooa  — 

Alepfrt>  ^^^— 

C.  Urico  - 
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C.  Dranmoat  -^ 
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C,  Biaae        
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C.  Ba]b«  

C,  Crio  

Ic,  Petrera  — 

(J,  St.  Mary        

C,  BUnc  

Smyrna  ^^ 

C,  Bafea  

C,  Janefiri  ^ 

C.  CipUinI  ^ 
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31  aS 

31  j« 
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3^44 

36  4S 
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39  *4 
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40  13 
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D,M. 
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11  %i 

a»  57 
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35  57 
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j^ffir  within  ih  Straits, 
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Zaffirine  Jflatidi        — ' 
Formcnterj^  W.  Point 
Ditro,  E^  ditto  — 

JificA,  S,  dicto 
I>i£T*j  N,  E-  ditto    — 
Salina 


Cirbcra,  S.  Ptjliit      — 
Mjjf>rca,  S*  Point 
Ditto,  K.  Stt<t     - 
Ditto.  W.  ilm        — 
DieEit,  E«  dllEo 
MiiiOtc*,  S.  ditto      — 


3^ 
15 
3« 
3S 
18 
39 
38 
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i39 
40 
19 
19 
39 
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+1 

19 
48 
10 

50 
to 
18 

45 
40 

4* 
43 


2  4SW 

o  49E 
t   10 
o  51 

t    17 

0  40 
J  23 
£  30 
«  46 

1  51 

3  1 

I  50 


•  MJaorca,  St*  PMlrpV 

Fort  

Drttop  N-ditl*  Point 
Stoilinia,  S.  W.  Potnt 
Ditto,  S.  Ep  ditto      ^ 
Ditto  J  N.  ditta. 
Dittoj  N-  W^  ditto 
Scncfa,  N.  Point      — 
St.  Pckm 


Calile 

Elba 

IMjuiofo 

Gorgoiia 

PoQZi 

Luilcrca 

Sia-ombolo 
Leua£« 
Mardtrnt* 
Fatigjiinx 


Skiiyj  W.  Pmnt       _ 
DiitQ,  S.  diltQ  '^ 

MefHna  In  dltW         ^^ 

PajitcIaTia 

Linofa  — 

PidufTa  

Maita^  N.  Point       — 
Ditto,  S-  ditto 
*TheHarb4uriiiMalti 

Goio,  N*  Point      

Corfu,  S*  E»  Pome 
Fano,    Eutntncd  of  the 
Gulf  of  Venice      — 

Pianl 

TrcmiEi 

Lifla 

Porno  - 

Longir  S-  Ep  Part 

Scirt,  S^  Pomt     - 

Cedgo,  S,  Pouit 

Certgotte 

Miio 


Mltdcne,  W.  Point 

Coae 

S*  W*  Pomt 

Cape  Sp»da 

S-  E.  Pdnt, 

N.  E^  Point. 

Rhodcsi  S^  E.  Point 

Cypruij  W*  point 
E.  Point 
S,  Point 


T  1  n 

lint,         J 
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39  5»N 

40  16 

39    4 

39     o 

t  15 

140  S7 

41  13 

39    o 
j8  4c? 

7  50 

.2  4S 

4^  34 

3    IQ 

43  ^4 
4a  3* 

38  53 
33  57 

3S    JO 

3^     o 

(37  5« 
3S  II 

3^  45 

1S  15 

3*  54 

5  Si 

35  4« 

36  o 

35  39 

36  o 
36  II 

39  31 


4<3  f 

4^  14 

41  9 

41  10 

4*  47 
43  a 
43  55 

38  14 
36  11 

35  S5 

36  41 

39  35 
35  a 
35  ^7 
35  45 
3S  »> 
35  35 
35  *7 
35  a 
35  40 
34  30 
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D.M. 

3  54E 
3  21 
£  iS 


54 
55 

6 

5 
ID 

»  55 

9  so 
45 

35 


5S 

35 
5* 

£   40 


3* 

59 


38 
40 
i£ 

35 
34 
50 
£o  50 


21     6 
i  39 

j6  13 

15  50 

16  47 
>5  55 
15  5* 
26  32 

^4  43 
2S     ^ 

17  1^ 

13  56 
H  i^ 

^3  55 
17  6 
la  45 
3^  SS 
35  o 
33  t^ 


The  Coajl  of  Africa  from   Capi 
Spartel  to  Cape  Verd^ 
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33 

^5 

5  47^ 

6  S 
6  3« 
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Lst-        Uj^^.     1 

•  Cifw  Btincrj 

D-M. 
31     SN 

D.M, 
S  loW 

C^e  yerd  Ipnds, 

*  Cip*  Caatin           — 

3*  35 

9     0 

*   Sjfli*  Bay        

31  10 

S40 

Ut, 

Long, 

•   Mog^aoti!  Iflidd 

ii  17 

9  *5 

D.M, 

D*M. 

•  Cipc  C«r         — 

S^  iS 

9  47 

St.  Anthon|          -^^ 

17     ?N 

14  4SW 

30  ij 

7   34 

Sc,  Vinctnt                -t^ 

16  50 

24  36 

2i!  40 

II    10 

Stp  LiKla              

]6  44 

24  31 

*  CipeB^jjMiir         — 

s6  19 

14.  10 

Sc.  Kichol^i               <^ 

16  31 

24  iG 

*  Cipe  dai  Btrbii 

**  15 

16  34 

•  Sd                    ^ 

sS  iS 

1^  $0 

*  C:ipe  BUnco           — 

%o  4J 

H&  51 

•  Bonavlfla           - — 

16     6     1 

12.   4E 

10    £1 

•  Miyo                 

St.  Ji$Ot  NrtTTli  P. 

15  10 
'4  54    ' 

23     0 
23  *7 

19    15 

le  !& 

1%     6 

i6  5S 

Ditto,  South  P-         — 

14  17 

13  as 

15   51 

j^   9 

Brjva                    

14  50 

i4  39 

*  Cipe  Vcr4 

_  *_  . 

J4  46 

17  47 

H  57 

24  li 

The  irtjlern  Ijhs. 

From  Cap^  V^rd  to  the  Cape  of 

Good  Hope.    • 
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39  4^N 
30  34^ 

31     oW 
*9   54 

•  Florei 

*  Cape  d«  Verde       ^  14  4^^ 

17  47 W 

,  *   Fayai,  tlie  Town 

3M» 

x8  37 

*  CorceJik               — 

H  3* 

17  37 

38  29 

2S    ZD 

Cape  Naec             — 

14  14 

17   i» 

3?  S4 

xS   15 

Cape    St.    Mary>     En- 

S[.  Geurge            "■ 

3S  39 

»7  55 

(fincc  to  the  ftiTOT 

39     » 

^»     4 

ij  17 

tS  56 

•  Sc.  llfichacJ,  E*  Point 

37  47 

*5  4S 

12  ^3 

17  10 

Dlttrt,  W*  Poitit 

37   50 

16  4^ 

Cape  Vcrgue         ' 

14  56 

9  S»     , 

17     0 

15     6 

DcloslQts              

■   Cape  Sierra  Leon 
•  Cape  Ann               — 

9  19 
7     7 

14     7 
r3  41 
13  iS     i 

T7j^*  Aladeirai, 

•  Cape  Mount           — 

6  46 

II  42 

*  CapcMcrunda      -^ 

6   »3 

5*8 

tj   17 

I£*       7 

*  PsfEo  Sinto            — 

3i  S^N 

16   i3W 

Rocit  E-  of  ditto  under 

Seftos  River            

S  ^7 

10       7 

31  3» 

j5     s 

Cape  Form&ft             — 

S     3 

9  39 

MjJcIo,  K3il  P. 

31  50 

x6  46 

*   Cape  PaJmas      

426 

^.5 

Ditto,  Wtfft  l\          -^ 

^3  30 

17  i& 

St-  Andrcw^ji  River 

5     4 

645 

1  •  Funthal            

3x  U 

17     5 

S    7 

5  44 

The  S^lvagei  Ifijud* 

iok 

i6     4 

*  Caae  ApfoHonu 

4  59 

1    4 
*  33 

1                 Tht  Omaries* 

*  Cspf  Three  Points 

4  5^ 

4  40 

*  Dijc  Cove            

4  4S 

1  3* 

1 

S    0 
5    s 

1  SI 
I  34 

1    *    L4I]£3IOt£j    NvjrtJl   P. 

29  ijN 

J 3  -6W 

1  •  Ditco^          Sotjih  F, 

ai!^    jl 

13  41 

'^  Cap^C^irfeCaftJe 

5    4 

I  10 

FoTtf^vcotura,  Wcflr  P» 

.3     4 

14  iG 

•   D.:viri  Hill              ^ 

5  »* 

y  44E* 

Dittos               EaftP. 

iS  4Q 

13  40 

*  Anatr.aboe  Fort 

S   10 

r     7 

*  Catiaiia,  N.  E*  P, 

18  13 

ts  3^ 

*  Acra                  ^-^ 

5  30    ! 

0  16 

•  Ditto,       South  P^ 

27  4i 

^5   54 

*  Ttbberaroc         

5  51  : 

S  51 

*  TKc  Peak  of  Tcnc^ 

Rtvcr  Voltj                -^ 

riffe                  

23  13 

VG  ^6 

Cape  3t.  P.id 

i    0 

X     0 

•  Dittrjj  No*Eb  P- 

xS  1-j   ^ 

16    0 

Whidah                  
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^  4S 
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a»^3 

16  3& 
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6     0 

4  ^5      i 

SanU  Crui  b  ditto 
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16  ^a 

Cape  Foimofa         -^ 

4  30 

514    , 

Pai.733»  Kor^li  P, 

iS  36 

^7  32  , 

NVw  CaHflbaf  Rivtr 

4  30     • 

1$^   II 

T^ikf>t(i  in  dUtf> 

2S      6 

'7     1    ' 
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9  ti  ^ 

Ditto,  Soutfj  P.         — 

iS  jS 

*7  37 

Cffpe  St.  Jblin        ^— ^ 

^     5 

9  >9 

Gomera,  »t  the  Port 

^k    6 

17     4 

JGabots  Riv^              -- 

0    0 

9  A| 

*  Fcrro,  thtTuwii 

^7  47 

17  40 

C.de  Lopjs  CotifiilTcz 

47s. 

9     S 

•  Diti:D,  L^tk  l\        ^ 

17  5° 

'7  37 

icfta  River             -^— 

%      Q 

9  4^ 
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-7  4^ 
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10  40 
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Congo  Rrver  ^ 

Ambrii  River        ^— 
Cape  Ledo  ^^ 

Su  Pkilip  de  Befig»el9 

*  Cape  N«gfo,  ap^eLtn 
II  Jce  B  kc  k  HamiiK  It! 

LUs  t'totn  — ^ 

*  Tigfr's  Iflind        — 
Cape  Frio  '^— 

*  Elii^beth^s  Bay     — 
Cape  Roftro  dt  Pedro 

*  Angra  Fcqucna       ^ 
Cape  dis  Voltas      ■ 

*  Walwkk  Bay,  K.  W, 
point  

Cape  Dcfcad^ 

»  St.  Hdeji^s  Bay,  C, 
Sr-  MarEjn*i       -*^ 

*  SaldanaUBay         « 

*  Cape  of  Good  Hope 
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9 
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3^ 
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i6 
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3^ 
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« 
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II      o 
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E4      t3 
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^i^Wj  between  Capi  Vivd^  the 
Cape  &f  Gosd  H^pe^  and  Cape 
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St.  Pad's  
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*  St.  Thomas,  Man  of 
War's  Bay  

*  Ditto,  S'JuthP-     --^ 

*  Annibdna 

*  Trinidad  ^ 
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'^  St,    HcUcna^    James 
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SaxcmbuTgh 

*  Tridaij  da  Cynlia 
Diego  AlvitCE       
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Ditto,  S.  W.  Point 
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63  3g. 

SI  0 
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54  3° 

37  30 

Fram  the  Cape  sf  Good  Hope  to 
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»  Ciipu  of  Good  Ht'pe 

Falfe  Cape  

^ape  Agglii^  

tFaifrBay 

Bay  5t-  Bra^<5  < 

Capt  Talbado  

'^  Aigoi  Bay  

Capr  Deigado,  Mufcit 

Bay  '  — 


f^PT! 


34  i??^^ 
14  iS, 
24  44 
34  10 

54  i» 
33  17 
33  3^ 

33  3« 


la  19E. 

iS  50 
ao  15 

iS  39 
ii  59 

54    7 

74  10 


*  FitIIP.  ofKatal 
»  Middle  F.  Natal 
Port  Nata] 
Smoaky  Cape 
Cape   St-   Mary,     En- 
trance of  Deligoa  Bay 

Cape  Cptiantei 
CapeStw  Sebjiftian 
So/»|j  — 

Angoxi 
Judda 

*  Moeenbjque      ^ 
C^pe  Ddgado 
Giubs  - — 
MondEjif 
Melitida  — 

Magtdolli3 
C^pc  Baffiis 

Cape  Qprui 
^  Cape  Guardafni 

*  Cape    BabcJmanlie], 
Entrance  of  the  Red 

*  Cape  F«rtaili     

*  Cape  Aden 
Cape  M&rebet         — 

*  Sucotra  I.  Eaft  p, 
DUto,  Weft  P,      — 

*  Cape  Pedro         — 
Moka  in  the  Red  Sea 

CajiC  Ifoclette 
Great  Madeira  I.; 

Cape  Kofelgatc       < 

Mufcat 

Cjpe  Jafk 

C.  Mufeldon^  tntrance 

to  the  Gulf  of  Perfib 
Cape  BirdiJiifi 
Giinibaroan 
Cape  Mon^ce 

BafTora 
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Cambaye 
Hurat 
Cap*  Sc.  Jolm 
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*  Go3 

Man^ilore 
Mokijic:  DiJly 
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^  Cape  Comorin 
Dondra  Head,  South  P,, 

of  Cey  Ion 
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Poiut  Pcdm 
Point  Colyrntre      - 

*  Ncgapatiiam  '    ■ 
-■■  PondichtTiy 
>^  Fait  St.  Da^W'i 

*  Madraa 


D.M- 
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17  iK 
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33  iC 
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3?  17 
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41  30 
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4^  %S 
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51 

5 

45 

^7 

54 

19 

S4 

33 

53 

1 

55 

17 

43 

'7 

57 

jS 

58 

3i 

59 

H 

5& 

16 

57 
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Juddcf^orWaibm^sHd. 
Li  lief  Land  — 

Rutt's  L  

Great  W)'UiigfQ<  Li^ht- 

Houfc 

Ultter'ii  I. 
Bergen 
Muji  Sorund 
Sitltiwoog  L 
Kate  Nofe 

*  Drontbeim»  Var,  4  P. 
Weft 

*  Werro  I.  Var.  r  4  P. 

*  North  Cape  J  Var*  f  P. 
Weft  — 

FilhrraLVar.  i  P- W. 

Ki  Id  lime  L  Vir.  J  P, 

Weft  — 

*  RWerKola,  Entrmccj 

Var.  i  P,  Well 
Swiictiiolf,Var.|P,W, 
CtoG  I.  Vftr<  I  P.  W. 
Ponoy  R.  Vani:P.W, 
Archingtl,  Var.  f  R 
Weft       V  — 

Citnofe  — 

LV  B.irs  — 

C-  Candmoffl  -- 

Wdgatc'ii  Strait  a 


47  S9^ 
5^  34 
S3     9 
5341 

i«   56 

59  ^4 

60  IX 

60  36 
£1  25 

^7  43 

71  10 
70  37 

69  H 
6fi  5? 

^4  3<> 
65  17 
56  50 
6E  45 
69  30 
7S     P 


7   '3t, 

6  45 
5  5« 

5  5^ 

e    S 

5  zo 

5  50 
5  30 
5  II 

S  ^ 
II  10 

9     7 

zh  10 
33  :iS 

35  4S 

15  35 
3^  30 

4^  33 
39  46 

39  o 
3S  3D 
41  sc> 
43  15 

70    o 


Th^  C&a/l  4/  hehtnd. 


Reikiaaefj  C« 
Weftman**  1. 
Palri  scfiord 

•  Stiaumnefs 
North  Cape 
Gnmis  I> 

*  Rikefiord 
Long  Kofe 
Balancfi 
Enchuifon  L 
Engelhoaft 
WrecUnd  L 
C.  HekJa 


Lang* 

la  40W 

at  4 
*4  4 
»4  »* 
il  5 
21  4t 
17  so- 
il 14 
1%   16 

10  o 

11  14 

u  14 

16  49 


Tlje  C/Qoft  of  Grunland^ 


*  Ji^hn  or  M^ntn's  I. 
G^iEl  Hamkes  fSay 
Bontekoc  L  — 

Chirn  P,  

Dangfy  L  

Heijolfs  Neft         — 

Whaks  I>         

C*  Discard         -^ 

C.  Prince  Chtjiilan 

*  C.  Farewell         — 
C  Defoiatiom        — 


loN 
o 

5 

.  3 
6i  30 
60  50 
59  55 

62    o 


944W 
6  45 

9  3° 
ii  17 
i7  J  9 
30  19 

39  % 
39  53 
41  30 

^  3^ 
46     7 


Davis's  Slrmts^ 


C.  Rct'obtiuu        

C.  Comfort  

Hope  Harbour  — 

GUbertV  Sou  id      

Cooken  Spujid  -* 

K.  ChrSfti5fi's  Rlvejr 
MulkctLoUovd  ".- 

Romd  Fort  

DHcoLS.  W.  Poiiic 

Waygite  L  

James's  L  C,  Bedtuid 
Ciimberiand  L  S.  P, 
Bay  of  Good  Fortune 
C.  Elpaatetk  — 

Rertflution  L  C*  War- 
wick ^^ 


6  a  40N 
ei  45 

^3   55 
54  15 

H  SO 

65  7 

64  55- 
67  ax 

69  6 

70  4.5 
6%  30 

66  o 

64  2Q 

61     s 
61     4 


46  s8W 
K7  30 

47  50 
47  S3 
47  5^ 
47  « 
^*  51 
45  53 
44  38 
44  « 
50  S 
fo  30 
6l  19 

64  30 


Hudjm's  Bay. 


Lowe's  Savage  I. 
Terra  Nieva 
Saddh  Back  I- 


60  47N  [65   lOW 

61  4S  [66  ao 
6a  4  l63  o 
6a  id  J6S  10 
54    4     73  5^ 


I 


Beer's  D«en 
Great  Sav3|^(r  1» 

Ood^s  McTtm         — 

Notrii3gbim»  E*  End 
C^  Charki,  E all:  End 

Weft  Eiid 
Hurlpo  JfJei  ^^ 

C-  WiltinghaTn  — 

C.  Dl^gs  

MtiuficLd,  North  End 

South  End 
Slccpert  I-  ^^- 

GreiC  ditto  

C,  Pembroke  — 

Lttge  Swan' J  Ncft 
C-  ^uuchampton       — 
Churehili  Rivtr 

Part  NcUcn'a  Shoals 
liiy  River  ^— 


D.M. 

S7  o 

z  16 
6z  iS 
63  33 
63  35 
Si  50 
£2  40 
47  3S 

5i  40 
60  10 

62  57 

Ai  la 
^8  47 
S»  3 

57  35 
57  i^ 


Table  IV* 


Long. 
69  oW 


70  o 
71-  10 

70  4a 
76  50 
76  45 

74  15 
76  o 

?«  o 
78  4S 

78  o 
8t  30 
Si  30 
Si  30 
^a  10 
83  30 
%&  10 
54  7 

79  5 
9a  30 

93  <> 


/V^/K  Hudpn^i  Bay  to  ^ihic 


BWck  Head 

Faifc  BUck  Held       — , 

Cardinals  I,  ^— 

Steel  P. ^ 

Eatl  h 

Sadcl  Iflind!        

Lichiiated  Citpe  *— 

Su  Peter's  Hfcfboyr 
C,  Harrtf&n  — — 

Greac  Bay  of  Eikiitiaui 

tC.  Charki  i 

York  Point  

Red  Bay  

Bbck  Bay 

Jtcd  cum  ' 

Forieati  Bay  w. — 

Grard  Point  ^ — 

Sft^tslmj^auK  B^y      ^— 

H:ilia  B^iy  

Great  Mccatjna  P.  <— 
liUtle  Mecauna  iflands ' 
MoonC  Joli  ^^ 

Efcfuimeaux  IJImds 

MinganJ.  >* 

Gtand  Bay,   St-  John's 
The  Seven  Iflind  Bay 
Trinity  Bay  ^^ 

St.  NkhoJii's  Bay     — 
Laval  Biy 
Bay  of  R.Tck* 
St.  Pa  lira  Uay 
'Qjicbcc  — 


60  47  N 

59  *o 
5*  50 
58  7 
57  45 
57  aj 
56  40 

54  54 
54  ^o 
5i  n 
5'  57 

Sr  44 

61  40 

5f  33 
Sr  30 

51  14 
jr  ^8 

SO  41 
i8 
50  5 
50  li 
50  16 

50  21 

50  7 
49  37 

49  18 

4S   SS 

4S  5 
i7  3"= 
4*  IS 


I 


65  16W 

63  31 
69  14 
61  jj 
61  45 
61  15 
60  45 

60  45 
5^  4S 
57  30 
45  ^5 

55  5* 
6r  25 
5G  4a 
S64S 

56  55 

57  li 
57  45 
59  ^ 
59  B 
59  ^7 
fit  30 

63  o 
69  15 

64  o 

H  45 

66  a; 

67  o 
Ga  o 

68  3S 

69  10 
69  46 


Newfmndhnd, 


Bell  Ifle,  Vtr.  10*  30^ 

Weit  

Quiipijfv  Harbcmr       — 
^u  Anthony' I  Cape 
Hire  B^y  — 

Gfuais  J«  ^ 

Crten  L  - 

HrKjpirg  Karljour      — 
\Vhi;e  Bay  *^- 

Horfe  iLkndt  

C.  Sc  Toha  — 

Bay  of  Notre  Dame 
TwiUnaate  lilinda 
Togo  L  ■  ■     . 

GiindtT  Biy  — - 

Wadiiaai  1  (lands        - 

C-  Fjwii  

Funk  L  

Bartow  Harbour       — 

C.  Btmaviita  

TfinJty  Bay  — 

P*  of  Crates  -— 

C*  St-  Francis 
•  St,  John's  Harbour 

C.  Spear  

Bay  of  ElJU  ^ 

C.  Brayle        ■ 

a  Bahard 

C,  Kacc  

C-  Pine  

St, 
C. 


Mary"^!  Bay 
St,  Mary's 
Bay  of  PJacmtia 
Chapetti  Rotiga 
St.  Peter's  I. 
Lan^lcy  I.         - 
Gmat  Mitj^ueloa 
Burnet  ^ 

Fortune  Bay 
penguin's  S  Hands 
R'unney  1, 
Great  Barrifuiy 
♦  Burges  I. 
C.  Eay,  Var.  io»  WvA 

Cod  Roy  1.  

CSt.Ctorgc.V,  ic^^W. 
South  Head  - — 

Cjipe  St*  Grrgnry,  Var, 
lit*  40' Weft         — 
Bay  Sc  Paul 


Lat. 
D.M. 

5'  S^-i^ 
5»  4^ 
SI  17 
>i  IS 
50  55 
50  47 
SO  46 
SO  IS 

S6  to 
SO  o 
SO  3 
^o  o 
49  40 
49  54 

49  34 

50  I 
48  50 
48  s» 
'48  30 
48  a  a 

47  54 
47  3» 
47  30 
47  a< 
47  7 
+*  49 
46  41 
46  40 
*6  50 

46  5= 

47  o 
5* 
36 
4* 
55 


ilngornachnix  Biy 

St,  J[ihn's  I, 

Point  Ferolk 

Bay  St.  Barbe 

C*  Noroun 

LimitJ    of    the    Creii 

Bank  of  Kewromid 

Jani,  Nor-th  P«  5^  ^  j 

South  P.  41     o 

QjECf  Baiik  '47    o 


46 
46 


Long* 

55  asW 
55  34 


H 


4?  »s 

47  ifi 
47  ^4 
47  3* 
47  37 
47  3^ 
47  37 

47  5^ 

48  3'= 
4P     7 

49  IX 

49  50 

50  38 

50  50 
57  3 
ST  15 

51  40 


40 
SI  30 
5^  13 

S64S 

55  30 
54  3S 

53  49 

54  i<^ 
53  *S 
5a  55 
^  II 
53  o 
5*  35 
53  o 
Sa  30 

5a  zo 
51  IS 
Sa  14 

SI  30 
5^  37 
5»  4+ 
S3   »S 

53  30 

54  » 

54  30 

55  17 
36  6 
16  IS 

56  16 

55  S* 

55  3*^ 

57  o 
57  ^5 
^7  40 

57  37 
59  »o 

59     « 

58  13 

57  SO 
57  11 
57  -8 
57     « 

S64S 

55  57 


W  45 
*5    o 


Table  IV/ 


Thi  Gulf  of  St*  Lawn-nce, 


jst.p«irf  L      — 

Bird  Iflandj            
non  L               

S*  W,  i\ 

Entry  I*  

Dejdmio's  1*  — ^ 
1.  of  Antkofla,  £^  P. 
S.  W.  dltio 
Weft  ditto 
North  d-ttn 
Idu  BIk,  In  the  R*  St» 

Lawrence 
Mcrunt  C^mUle 
C.  St»  Ann  — 

Magdalen  R.  «- 

C.  Roikr  

jC-  Gjfjjc  and  Bay      — 

Flat  P. 

L  Boniventarc      — 
C.  Defpijr  — ^ 

Mifcou   L  intrance  ol 

Chdeur  Rjy        — 
P,  Efcuminat;  — 

St.  John^i  L  N,  Cape 
Weft  Polni 
Eaft  dicco 
Bear  Cape 
.    HJlfbbmugh  B^> 
Ci    St.   George  or  Si^ 

Lewis  

Gut  of  CaifoTj   North 

Entrance    "      — — — 

f  uftan  Corp  I.  

Port  Hood  

C.  Nor  til  J  Im  off  Capt:^ 

BHCfni  — ^^ 

Port  Diuphinj  ditto 
SfanJfh  Eayi  ditti7    ^- 

FJintL  

Scats  r1  I*  ^— 

Ci  Brtftm  

Lofiifburg  -^ 

C*  HiucKlnbroke      — 
I*  Madjim  ^^ 

Gut  of  Canfsr,    South 

Entraiice 
Ch«dabu£lo  Bay         i— 


Lat.. 

Long* 

D.M- 

D,M* 

47  mN 

59  55W 

M   5^ 

fio  36 

>7  5» 

60  55 

+7  41 

60  55 

47  J^ 

61  36 

*7  »S 

61  15 

47  IS 

6t  4g 

4?  8 

61  3+ 

19  ^* 

^3  iS 

49  48 

64  iS 

49  51 

^3  SB 

18  1^ 

67  50 

^3  37 

^7  15 

49  3 

65  0 

+9  13 

65  ig 

I^S  47 

63  56 

+i{4i 

^^3  53 

+5  34  , 

H   53 

4H  .8 

^3  51 

.Ba4 

64  I 

+S  ^ 

64  f6 

47  I 

^^4  37 

47  1 

H   4^ 

46  34 

64  I  r 

46  17 

61  4S 

46  0 

6^  r^ 

46  6 

fix  SS 

45  51 

6r  44 

4S  4* 

6r  ai 

45  S* 

6r  w  ^ 

45  57 

61  io 

+7  r 

60  10 

^6  ^3 

60  15 

46  18 

59  57 

4G  11 

59  33 

46  1 

59  ^7 

45  57  , 

SV  39 

45  54 

59  4? 

45  34 

60  14 

45  *? 

So  44 

46  aS 

60  46 

46  aj 

6o  46 

Santjwich  Bay  —— 

port  SiL'phens  * — 

Haliifai  HdrbfiUT      

C*SambroLight-Ht)u»"f 
Charbttt  Bay^  Var,  14 

WcH  ^ — 

Port  JatkfoA  *^ 

IfljofHope  — ^ 

Pori  Ruiuway        -~ 
C.  Sabltj  Var*  ll*>  15' 

Wcfl  

Seal  Iile»  ^^ 

C  Forchu  

St*  Mary's  Cape,  Var, 

ii0  45^Wc(t         — 
BffycrM  Var,  H''  15* 

Weft 

AnapJis  Royal  — 

Hautn  L 
C.  Cbi^nrflo,  Entrance 

Bafoii  oj  Mined      — ^ 
C,  Spencer 
Macgone'5  L  Entfancf 

of  Sr,  JoHa's  River 

Wolf  I,  

Grand  Manan  I*  South 

Point 


Frdm  Cfip£  Canfor  in  Nova^Scntia 
to  CcjpL'  Fhrkki* 


^atiic  1.  halt  l^uLiic 
Weft  ditto 
C.  Canfer.Vaf,  150  W. 
Port  Howe  ^— 

Torbay  j 


44  »N 

^1^  55^^ 

44  A- 

60  30 

45  i6 

So  50 

45  ^3 

6t  0 

41  '» 

fii  11 

WcftefA  Seal  Ifianda 
Machois  Bay  ^^ 

G^iuldihf^ rough  Harboiir 
Mjunt  Def^.tRack 
C.  Ann  Light-Houre 
fi'riloa  Harbour      — 

C.Ciid  

Cjfhca  LcdgCj'Narth  V* 
SotJtii  P* 
St-  Groi^*s  Dank,  N. 

W.  Part 
Kan  tucket  L  — 

Ditto  Sbi.>h,  S,  W.  P 
M^rcKa'^s  Vineyard  It 
Niman's  Ljnd  L       — 
Rliodcr  J,  Harbour     — 

BJ.ick  L  Middle       

M  .ntuk  Point,  Long  ]» 

*  S^ndy  HnoJc         

*  New  Turk  Harbour 

*  C,  May  

*  C.   H^nlopen,    Var» 

Piiiladelphja  — ^^ 

F.ilfe  Cape  

CapEl  Ch'arici  ^— 

C,  Henry  ^-^ 

C.  Hatteras         

Dittfi  Shoak,  S.  W,  P. 
C.  Locikout  ^^ 

ShoaJsoffditto.S,  Point 

C-  Fear  

Fryirtg-part  Shoals,  oft 

dictn,  S-  E-  P4rt 

Gejr^  e  Tow  n  — 

Shuala  ofF  ditto  — 


Li 


Lac. 
D.M. 
45     SN 
45     ^ 

44  1° 
44  '34 

44  13 

3  53 

43  4^ 

43  *7 

43  ^7 

41  5» 

44  10 

H  19 

44  47 

45  ^9 

45  44 
45  17 

45  18 
45     3 

64  43 
44  37 
44  44 
44  34 
44  1 
4i  51 

42  15 

4^  ;^ 

43  19 
4^  47 

4t  10 

41  14 

40  55 

41  iS 
4 J  IS 
41  IS 
40  S7 
40  so 
40  15 
40  43 

38  sS 

3''3  46 

39  57 
IS  38 

17  9 
3<s  57 
35  6 

34  45 
34  =» 
34  >o 
33  51 

13  39 
33  a? 
33  iS 


D.  M. 

'61  31W 

fi^  53 
fil  *3 
^3  ^7 

63  so 

64  3t> 
6j  la. 

fiS  30 

65  55 

66  4 

66  7 

6£  zo 

*5  43 

64  47 

^5  44 

65  S^J 

66  40 

66  50 

66  47 

^7  IS 

67  50 
€7  50 

70  4 
70  31 
67  40 

63  45 

63  40 

5/30 
-#  3c 
66  0 
70  ^s 

70  15 
jt   ts 

71  37 
7t  57 
74  o 
74  5  , 

74  5* 

75  5 
75  7 
7;  3 

75  5<3  I 
7S  5J 

75  4^ 

76  o 
76  44 

76  4D 
78  2Q 


78  F7 

79  40 
79  »0 


\ 


Table  IV. 


Lat.       1 

Lnng* 

L*t; 

Long, 

D.M. 

I).  M. 

D.  M. 

D,M. 

n   sN 

yg  S*w 

Bermuda,  S-  E,  Po"ai 

17  SON 

61  4SW 

:ch3ri«-Towa    Lis^it- 

St,  Barcliolom^w,  E.  P. 

t7  s6 

62  34 

Houfe               

32  4* 

80  40 

W.  dilta     — 

'7  54 

62  51 

3'   57    , 

81  19 

Sti  MaKin'i,  E.  Poini 

t«     3 

61  50 

31     6 

Si   .4 

W.  ditto     

i3  40 

^^     J 

Rivtr  St,    John,    In- 

AnguliU,  N.  E.  Point 

iS  22 

62  46 

30  \% 

32  30 

S.  Wp  ditto 

18    9 

^     ^ 

Auf wftine  B<y          ^ 

=  9  50 

82  ai 

Prickly  Pear              — 

iS    20 

63    JO 

'c.  Cancveral            i^*- 
^ShfwJs  oft"  dtlto          -i" 

;8  ;io 

Si   12 

>!o  40 

iS  26 

63  11 

H  5° 

A  Of  i  ado,  E.  Point 

18   3* 

C-  FJorida            

25  44 

go  44 

W.  ditto    

iS4i 

64     , 

L  of  r.ermuda^i  S*mE 

St.  Croif,  E-  PoUc 

17  36 

63  4d 

G^irge's  Town      —31  45 

63  30 

W.  ditto    

17  44 

64  25 

N,  W,  Pomt         131  15 

63  25 

Virgin  Onrda*  E.  Point 

18   iS 

63  40 

S»  W*  Point           31   ft 

6i40 

Thf  Fmrt        — 

18  iS 

63  54 

Nori,     Tills  IflaM  JA  furfoundcdwit}i 
dangerous   Elocks    sC   JU    or   fevcn   Miies 
dilhuicc,  fifi>tcia,ly  on  the  North  Side. 

TortnU,  E,  Point      — 

W>  ditto    \ 

St.  John's,  S.  Point 
St.  ThoTOiis,  E.  dicto 
The  Town     — 

i%  %t 

16  18 

1     5 
18  -s 
iS  22 

6427 
64  39 
64  40 
64  41 
644^ 

'    IJknh  hi  the  Wtjl  hid 

;>j. 

PorCoRico,  N.  E.  Pt 
S.  £.  diL.o     — 

18  39 
18   10 

JS  39 
<i5  38 

N.  W.  d;t:o 
S.  W-  ditto 

iS  41 
18  ir 

67  46 

iTrinldjda,  N.  E.  P- 

I0  4SN 

60  36W 

Tohwo,   N.  E,  dttco 

II  29 

'IS  57 

La  Mohi  L            _^ 

iS  10 

&8  24 

L  \«*  ditto       — 

II     5 

6CI  49 

Hilpitiif5laj  or  St*  Do- 

CrenaiB,  N*  I.  Pt, 

12  14 

6 1  49 

ram  go 

S.  W.  ditto      

u   57 

61  19 

Ciipc  Bnganoo 

\%  27 

6847 

Grecadii  Bank,   Middle 

"   55 

62  4S 

Soona  C  E.  Point 

17  55 

Birbftdocs,  S.  Point 

'3     7 

59  45 

*    AltaTiLi  Rdclt, 

E,  ditto             — 

t3  11 

59  37 

17  23 

71  3S 

Rridge  Town 

'J     9 

59  51 

Abacon  Point    ^ 

1752 
iS  40 

73  30 

N.  W.  Point 

13  2» 

59  S' 

<*  PoTto  Prince 

72  10 

St.  Vioccntj-'N,  Poir*t 

13  12 

61   iS 

C-  Tibcr.>n         — 

i3  15 

74  20 

S.  ditto              — 

n     4 

61   15 

*  Fort  St.  Lfiuis 

i«  .9 

73  »5 

St.  Lucia,  5.  PoinI 

»3   3^ 

61     0 

18  1? 

74  SS 

N.  ditta             ^ 

'3   56 

6^  46 

C*  Dona  Maiu 

iS  3^ 

74  1* 

Martlnico,   S.  E.  Point 

14  ^4 

io  57 

•  Ptrit  Grove 

IS  27 

72  45 

Dimond  ditto 

(4  24 

Si     I 

C.  Nicoiis     

19  46 

73  ^5 

Pott  Rovil     

H  36 

61    4 

•  Thi^  Aioie      — 

19  49 

73  *5 

W.  Pomt       

14   !<? 

61  14 

Tortudis,  E*  Point 

2D      % 

73  31 

K.  E,  ditto        — 

14  5ii 

61     0 

W,  ditto    ^ 

20       5 

71  54 

Dominica,  S,  Poiut 

rs  J5 

61     IQ 

Montf  Chtjfto 

19    56 

T'  39 

1         N.  ditto              - 

IS  29 

61     -5 

■  Old  C.  Frak}Ciii;> 

19    40 

69  57 

Msrigalaute,   N.  E*  P* 

16     4 

6r    0 

•  C  SamAna     — 

19    I^ 

69  10 

S.  E*  ditto     

M   53 

60  S3 

C,  Rgphac]    

.8  s6 

59    0 

Cuadalmtpe,    S.  Point 

"5   S4 

6i  43 

:  Ifland  of  Jamaica 

N.  ditto              — 

f6  30 

61  42 

Morjnt  P.  Ei  End 

17  58 

75  37 

Crandeterrt,  S    E.  P- 

j6  15 

61    4 

«  Port  Royj]      ^ 

iS    0 

76  40 

N,  ditto             -^ 

t6  41 

6t  25 

Portland  Point 

17  44 

77     1 

:  Deferada,  N,  E.  Point 

isn 

60  56 

Pedro  Bluffs       — 

17  50 

77  15 

5.  W.  d^to       — 

iS   IS 

61     3 

17  5i 

77  35 

Antigua,  E-  Point 

ji7     3 

61  45 

Biack  River       — 

j3     5 

77  40 

Montr*! rrat,  N.  E*  P. 

16  47 

£1    12 

Savannah  la  Mar 

iS  15 

78     6 

S,  W.  ditto       ^ 

T«  4c 

62  15 

NcgriJ  point      ^ 

iS  17 

78  31 

'7     3 

62  10    1 

Moiitego  Bay     -— 

iS  40 

77  51 

' 

17  17 

62  23 

St.  Ann*5  Ebiboui 

38  39 

75  56  ; 

St.  Chrtflopher'a,  S/E, 

Porta  Maria       — 

1^3^ 

76  35     i 

Point              

17   16 

62  31 

Port  Anthony    — 

iS  25 

76    s 

N.W.  ditto      ^ 

ty  26 

€z  42 

■  l/liniis  and  Shoiili  lying 

3t*  Euftati^j  the  Towii 

17  29 

63     4 

oflf  Jamaica     ■ 

Siba                  ^'-     \ 

17  37 

63    s 

Mor4niKdysjE*P. 

17  35 

75  a| 
75  4» 

Aves  It                i-^- - 

'5  13 

H  35 

W-  ditto 

17  27 

K^I^^Mi 

pi^^^^ 

^^^^m 

^iw^^ 

Table  IV. 


LStiie  Ciym;in,   S- 

W.  ditto     

Cre^t  Ciiyntianj   S. 

N,  ditb. 

Mtltcfi^fa  Shoal 
A  4i7  Bjfik       — 
Pfjcul  Shoji 
lAuiJ  or  Cuba 

St.  J.igo 

Cabo  lie  Crui  rr- 
Knf  Pines,  S*  W. 

PfJtnt 

C,  C:jrirnt«s  — 

Middle  Cape  — 

C.  Anttjnb 

N.  W-  P,      — 

Kavann^h 

af  Cuba4nd  Jam^ca 

E^rt  Rtef  

North  Reefj  E*  Pwint 

\V»  ditto 

The  Tijangk         

Sijujre     HacidJccxchiefj 

.N.  E.  Pijinc      - 

S,  W.  ditto 

Grand  Tark's  L  N.  E. 

ditto 


T^^t  Great Oy cos,  S>P 
S-  E,  ditto     — 

W<41tio    T 

Hc^ica^a^  N*  2.  Point 

W,  ditto     , 

Little  Htne^gi,  S.  W. 
Point 

N.  ditto 
Ho|f!y«*at  the  Middle* 
MayajuuUf  £*  Point 

N,  ditto     

S.  W.  ditto 
Frcncli  Keys  <— 

Mlrapcrofjs  Key^,  S.  P- 
Cartlt:  I.  or  South  Key 
North  Kry,  Crocked  I 
Atwogd'8KeytN*E.P, 
Key  Verde,  S,  W.  ditto 
The  Bmthtn  — 
Lofig  I.  S.  Part 

N.  ditto     ^ 

Rum  Key  

W^tlanis  I.  S-  Pait 
LJttlc  I-  its  Centre 
Cat  1.  S.  Part 

N»  ditlo     — 

Exuma^  E»  diuo        — 

EkiJthcra,   Powells  Pt. 

wrS.'Part 


Lat. 
17  »oN 

19  ti 

19  lE 

17  I* 

i!£  0 

tS  36 

10  16 

19  S5 
19  41 

il    44 

11  49 

at    3a 

13  II 


ao  I* 
to  iS 
io  31 
2p  40 

11  5 
II  *» 

2t    10 

11  4a 

ia     4 

21  4  J 
21  56 
»'  44 
"  44 
a»  5? 
iz  45 
ax  51 

21  14 
^^  i.o 

12  I£ 

22  4S 

^3  54 
24    o 

^4     4 

24     4 

H  39 
^3  34 

H4S 


Long. 

77  JW 

St  8 

S3  30 

H  so 

7  J  VS 
^4  zo 

74  4 

75  35 
77  i^ 

i^  1% 

M  S7 

^4  34 

^5  IS 

8  s  14 


fiB  43 

6^  10 

69  3» 
694* 

70  1  + 

70  43 

7Q  49 

71  30 
71  »7 
7a  ?4 
7*  59 
73  4^ 

71  56 

72  50 

73  5^ 
7*  33 
7»  53 
7^  SS 

73  i7 

74  t8 
74    o 

74  2. 

73  ^S 

75  ^0 
75    o 

74  34 
74  45 
74  ^5 

73  55 
4  30 

74  44 

75  la 
75  »«i 

7fi   10 


Egg  I.  DT  W*  Pait 
New  Providence,  W*P- 
*  Nn^Qau  Town  m  di:tc 

W.  P.  of  ditto 
Andto*  J.  S,  Point 

N-  Potni^      

Ktilen  Key            ^i-^-* 
Tht:  Hde  in  the  Wall 
Littk  Bank  of  Hah^mJb 
N.  W,  Point     

S^ndy  Key     ^— 
Crcat  Ilaac  ^^ 

Cat  Keys  Harbour    — 

Urangt:  Key         — ^^ 

DoubTe.-  Headed     Shot 

Keys,  W.  PoJjic 

Key  S  J  

Aijgtiiilij  E.  Part     ^ 


UE.   I 

D.M.  1 

*5 

35N 

21 

56 

'5 

4 

24 

57 

^4 

5 

»S 

15 

i*; 

21 

x6 

10 

=^7  45  1 

i6 

33 

a6 

g 

26 

5 

15 

10 

.^4  43  ] 

^4 

a 

*3 

3> 

^3 

31 

Long. 
D.M. 
77  low 
7S  5 
77  45 
7H  3 
^3  o 
73  30 
72  0 
77  4^ 

79  44 
79  34 
79  47 
79.»f 

79  3^ 

?o  10 

■io  3 
7843 


i^r^^  G?/^^  Fbrida  U  Cape  Horn, 


*  C-  I'lurida 

*  Dry  Tortugas  ShoaL, 
S*  W,  Poiat 

C,  Sable  - — 

C,  Ropoan  — 

*  Charbttfr  Harbour 

*  Spititu  S»iito  Bay 
Bay  of  Apalache  ^ 
C.  St.  Blaze 
Penfacola  Ba^ 
Mobile  Poittt 
•New  Orkant 
Mouth  of  R,Mi^iTip_pi 
Mouth  of  Rio  B^ava 
New  S%  Aiider  — 
C,  Roio  

*  Ver^Cmx  — 
Cam  pec  he  — 
Pracelea  Shpali,  N;  P, 

*  C-P  Catoche 

*  Logerhcad  Key     — 

Falfe  Cp  * 

Co2umd  I.  S-  PoiAt 
N^rih  Triangles,  S.  P. 

N*  Point      

Kev  Bokel 


Glqvcsr*  Reef,  N*  P^rt 

Sp  ditto       

Utila,  E,  Point     

Rattan  I.  E.  Point 

Eonacca  i.  Ni  E*  ditto 

C.  Hi^ndurai  ^ 

C*  Cameron 

BJ^ck  RiViir 

C,  Dias  Gritlai    — 

Trui^Elcs,    fi.  Part     — 

N,  ditto 
Sand  Klv,  N.  Pjirt 
St.  Ahditw  I  I. 


i.5'  44N  So  44W 


H  40 
3 1  52 

3& 
8i  34 

3^  54 

85  o 
^5  44 
1^/  34 
3a  35 

|9S3 

90  49 
1K>  17 
99  4^ 
&7  a4 

S3  54 
S7  afi 
87  14 
87   14 

ll  34 
37  16 

33  ,4 
37  47 

S3  J7 
87  17 

86  30 

79  5S 
30  53 

73  a.o 
3q   50 


H  3* 

H  57 

25  4a 

x6 

t? 

i7 

29  40 

»9 

35 

30 

iJ 

30 

II 

*9 

5a 

2^ 

n 

26 

7 

^3 

46 

21 

57 

*9 

12 

*9 

41 

;?^3 

50 

21 

13 

21 

33 

11 

2S 

IQ 

3 

1% 

as 

'9 

5 

16 

37 

16 

5^ 

16 

33 

16 

II 

it 

as 

16 

19 

16 

I 

16 

0 

'5 

56 

15 

I 

16 

30 

»7 

0 

16 

30 

I* 

3^ 

Liz 


Table  IV. 


Corn  IHands,  N.  Part 
St,  John's  Point    

•  P;)rtoBeUo       

Gultof  Daricn      — 

•  Carthagena        

•  St.  Marthi         

C.  dc  la  Va!a         

Monjes  Iflands     ■ 

C.  Coqu'Ojcoa       — — 
Aruba  I.   £.  Point     — 
Curacoa  L   N.  Point 
C.  St.  Roman     — 

•  Point  Cabello     

''  Avcs  I.  S.  Part    - 

Roca  I.  

Orchilla  I.  S.  Part 
Salt  Tortuga,  E.  ditto 
Bianca  I.  N.  ditto    ^ 
Margarita  I.  N.  E.'P. 

N.  W.  ditto 
C.  Three  Points        — 
Oroonoco  River         — 
ElVi  qucbo  River     -■ 
Surinam  River       ■ 
Cayenne  — 

C.  North  

Mouth  of  R*  Amazon 
St.  Lbuib  de  Maranhan 

C.  Baxas        . - 

C.  St.  Roquc         

Pernambuca  or  Plend? 

C.  St'.  Auguftine  "  

Sr.  Fraucifcu  River 
St*  SaJvadore 
Porro  Seguro 
Abi^ihos  Banks  - 
Efpirituo  Santo  -» 
C.  Sf.  Thome  — 
C.  Frio  — 

•  Rio  Janeiro 
Grande  I.  ..— 

Santos  

St.  Catherine's  I. 


Lat. 

Long. 

i).:j. 

D.M. 

12  ION 

8i  2W 

lo  33 

82  50 

2  33 

79  44 

8  40 

76  40 

10  27 

75  21 

ri  27 

73  59 

12  10 

71  53 

12  23 

71  21 

12   f 

71  21 

12   9 

69  25 

12  25 

69  7 

II  30 

69  30 

10  31 

67  26 

II  54 

67  13 

II  45 

66  17 

II  44 

66  3 

II  0 

64  44 

II  40 

63  56 

II  10 

63  13 

II  3 

63  46 

10  19 

62  25 

825  ■ 

59  26 

6  30 

58  30 

5  5J 

55  2 

4  5J 

52  10 

I  48 

+9  57 

0  18 

5J  30 

■2  isS. 

46  34 

3.0 

42  26 

5  I 

36  17 

8  0 

35  0 

8  32 

3"5  0 

II  0 

36  15 

12  46 

38  3^5 

i6  36 

39  30 

18  0 

38  30 

20  0 

39  45 

21  SI 

40  20 

^^  rs 

41  IS. 

22  54 

42  38 

23  IS 

43  30 

24  4 

45  30 

27  15 

\9    0 

Pcrto  St.  Pedro 

*  C.  St.  Mary,  North 
Entrance  to  R.  Plate 

*  C.  St.  Anth  .ny,    S. 
Entrance  to  ditto 

*  Bucnot  Ayres  in  ditto 
Rivr 

C.  La  Matas 

*  C.  Blanco 
Bay  St.  Julian 
Straits  oi  Magellan 

*  C.  Succefs 
Staten  L  • 

*  C.  Horn 


Lat. 

D.M. 

31  44S. 

34  45 

36  31 

34  35 

45  0 

47  20 

49  10 

52  35 

55  I 

54  40 

55  58 

Long. 
D.M, 
51   17W 

34  10 
58  27 

58  25 

65  45 
64  36 
68  38 

67  45 
6$  21 
64  30 
67  20 


The  Weft  Coaft  of  Jmerica  from 
Cape  Horn  to  Behring's  Straits 


*  Cape- Horn       — ^ 

*  Barnwell's  I,  — 
C.  Diego  — 
Juan  Fernandez  I. 

■*  Arica  . 

*  Conception  Bay  — 
Lima 

Gallapagos  Ifles  — 
Panama 

Aquapulco  — 

C.  Coricntes 

Call  torn  a,  S.  Point 
Nootka,     or    Saint 
Gcorgc*s*Sound 

*  Pr.  William's  Sound 

*  Cook's  River 
C.  Grcvill 
Alaflca,  S.  Point     — 

*  Shallow- Water  P, 
C  Stephens        — 

Norton  Sound      — 
C.  R.^diiey  — 

C.  Prince  of  Wales 


55 

58S.I 

55  49 

54  33 

29 

54 

18 

29 

36 

43 

12 

I 

23 

30N 

8 

48 

'7 

10 

22 

20 

n 

30 

49 

36 

61 

5 

59 

0 

57 

30 

5445  1 

63 

64 

21 

H 

15 

64 

35 

65 

45 

67  20W 

66 

52 

64 

6 

71 

22 

71 

5 

7» 

34 

76 

41 

85 

0 

80 

15 

lOI 

40 

107 

0 

109  30. 

126 

4» 

'47 

IS 

'■52 

0 

153 

0 

163 

10 

162 

4S 

162 

IS 

162 

0 

164 

24 

168 

13 

^^^^ 

^^ 

^^^^h 

^^_ 

^^^ 

^^H       J 
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Dcprefiijii  01?  Dip 
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The  Suti^a  Paral- 

T 

J<elj. 

Alt, 

Rcl. 

Alt. 
D. 

Rcr. 

Alt- 

D.M, 

vr,  i.. 

D.M. 

M.S; 

of  the 
Eye.   ' 

the 

0.    o 

">*  5 

33-  ^ 
32.10 
31. la 

30,35 

6,4C^ 
6-5r 

7*  c 

7*51 

30 
31 

35 

J. 33 
i'3S 
1. 31 

1.2^ 

D, 

-S-          1 

7.30 

7*2C 

FL^fz, 

M<   S, 

10 
20 

9 
9 

I 

0,57 

0^20 

19,50 

7,m 

7.II 

34 

1,24 

7,      ' 

1,21 

30 

£ 

0.25 

29.   6 

7. JO 

7-   ^ 

35 

1,21 

1 

1*39 

4^ 

7 

o*5c 

18.1* 

7- 3^' 

6,53 

36 

i.j^ 

4 

1,55 

S^ 

4i 

c.^^ 

-7^4i 

7. 40 

Ms 

n 

],i6 

s 

3.    3 

'i^ 

5 

C.40; 

i7.   0 

7.5^ 

6.37 

3fi 

1. 13 

6 

2,10 

<]0 

4 

4     : 

3 

0,45 

26,5c 

8,  0 

6-2{j 

39 

f  ,  lO 

7 

2.31 

6s 
70 

0.50 

M  4^ 

8»  io 

iJ,22 

40 

1,   S 

Z 

2,41 

0.5s 

M*   5 

8. so 

6.1^ 

41 

i^    ^ 

9 

i*Si 

75 

i 

1.  0 

.24.3,^: 

8,30 

6,   & 

43 

J*   3 

10 

3,    r 

2o 

1         - 

I.    5, 

^3 '54 

S.40 

b.    I 

43 

r,    I 

11 

3   10 

3^ 

1 

J -10 

^3,20 

11 .47 

8.5c 

9*  0 

S-55 
5.43 

44 

0-S9 

0.57 

12 

3,18 
3.26 

r,o 

0 

I. 10 

22. J5 

9*  ic 

5.47. 

4b 

0^55 

H 

3  34 
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21,44 

9.2c 

S.jt 

47 

0^51 

15 

3*4^ 

AuL!Ticiititi*>u    ; 

i.30 

*KI5 

9.3i> 

5-1* 

4ft 

y-51 

16 

3-49 

uf  the  Mcjrtn'i 

I'lS 

20,46 

9.40 

5.25 

49 

0.49 

17 
I* 
19 
20 

3*S6 
4-   3 

4.10 
4.16 

Scmidfanii:trr, 

1*40 

3tO*l8 

9*5f7 

S.-.o 

50 

0.4S 

Mpfjn's 

Au^mcji-jl 

1,45 

JQ.5T 

to.  0 

S.15 

5' 

□  .46 

Ait, 

t^cion^    II 

T.55 
a-  0 

19.25 

■3.35 

10,151 

TOt  jC* 
10.4^ 

5*   7 
5.   0 

4-53 

53 

54 

0.44 
0.43 
0.41 

D, 

21 

21 

4^12 
4,2s 

S, 

0 

0 

i*   5 
a.  10 

jS- ji 

3  1.     0 

4^+7 

55 

0.40 

^3 

4*34 

5 

17. 4« 

ri.j5 

4*4^ 

56 

0.3S 

^4 

4*40 

.10 

a. IS 

17**6 

n.3Q 

4M4l 

57 

0,37 

26 

4-Si 

'S 

l.to 

17*  4 

11.4^ 

4.19 

SH 

0,35 

2S 

5*   3 

20 

i.25 

ib,44 

I**  <^ 

4.23 

59 

0,34 

30 
35 

5.14 
5*39 

*5 
30 

2.30 

je.24 

12,10 

4.J6 

60 

0,  T3 

3. 3  5 
..45 

16,4 
iS-4^ 

I  A.  40 

13,10 

4-   9 
4'   3 
3-57 

61 
63 

0.32 
0.29 

40 
4J 

6,   1 
6,24 

3^ 

4*^ 
45 

50 

6.44 

a.  5c 

15,  9 

n.40 

1'Si 

04 

0._;i8 

60 

7,23 

SO 

a-55 

^4*5^ 

14.  0 

1*45 

fcj 

0,16 

70 

7-59 

?S 

3*  0 

'4-3* 

14. ^c 

J. 40 

66 

0,25 

3o 

8.31 
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3*  S 

14.1c 

14*4^ 

J-35 

b7 

0.24 
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70 

^5 

3-10 
3. IS 

14.  4 

»3*49 
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15.30 
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3.14 
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11, IS 
II. 5. 
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2,^4 
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J,p. 
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LJjp 
M. 

78 

i)pp. 
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34 

2> 
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^ 

II 

79 
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2.39 

^2 

0,13 
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^-35 
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4,40 
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A  TABLE  of  the  S  ir  n's  D  e  c  l  i  w  a  t  i  o  n. 


For  the  Years   lygi,  1795,   1799,   1805. 


Each  being  the  third  after  Leap- Year. 
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A  TABLE  of  the  Sun*s  Declination^ 

For  the  Years   1793,  1797,   iSoi,  1805. 
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A  TABLE   of  tlje  Variation 

of  the  Su.h's  DECtiN'ATJoU  toi 

every  jo  Degrees  of  Longitude. 

LJ 

jtontiti  of   L^p^fil TunjL   frum  tne  MeriOian   ot 

Lu-NCuf^r, 

DfljJv 

1 

1 

Var: 

Id 

'  tt 

J2. 

J£ 

J2 

J2 

70 

So 

CJO 

IflD 

I  10 

no 

130 

140  150 

'160 

170 

iH 

Mtn. 

t 

' 

' 

' 

' 

^ 

' 

~~f ' 

a 

O 

o 

0 

D 

t 

^ 

I 

I 

3 

o 

o 

0 

c> 

I 

r 

J 

I 

4 

o 

o 

□ 

* 

i 

z 

% 

S 

o 

Q 

o 

i 

£ 

i 

2 

6 

o 

& 

0 

T 

z 

.  3 

3 

7 

tt 

0   i 

i 

3 

3 

3 

8 

o 

0 

3 

3 

4 

4 

9 

o 

o 

^ 

j^ 

4 

J-. 

4j 

lO 

~ 

4 

4 

S 

5 ; 

II 

0 

4 

S 

5 

s 

T« 

0 

^ 

S 

5 

6  , 

6 

n 

0 

^ 

5 

s 

6 

6 

6 

14 

o 

<? 

6 

6 

7 

7  ' 

»s 

o 

6 

6 

7 

7 

7 

ifi 

o 

6. 

7 

7 

g 

g 

17 

o 

_?__" 

-L 

7 

s 

3 

1$ 

7 

7 

B 

9 

9 

«9 

7 

7 

g 

9 

9 

£ 

» 

S  ' 

9 

9 

ID 

^i 

S 

9 

9 

10 

10 

~* 

3t 

9 

9 

10 

10 

II 

*3 

m 

1     * 

6 

5 

JO 

10 

M 

It 

,*4,       >1 

I  1 

3      4 

6 

« 

9 

10 

ji 

11    11  1 

To  find  the  SUN's  DECLlNATIpN  by  the  foregoing  Tables. 

EACH  Page  of  the  foregomg  Tables  contains  thcSan'?  Declihation  for  the  Veasi  tint  it 
is  marked  v|rich  at  die  Tpp^  and  rs  divided  into  thiiteen  Columns ;  the  firft  of  which 
to  c}ie  Left  Hand  ihews  the  Day  of  the  Month,  and  the  "other  iTwelve  the  Monthit  of  ths 
.Year,  fo  that  if  it  be  req^uircd  to  find  the  Sun*s  Declination  for  ^nyDay^  fuppofe,  forEx- 
:«mplei  on  the  iiilof  Auguft,  17965  Firft,  I  look  for. that  Tabic  that  lias  1796  «c  the 
Top  of  it,  and  then  right  againft  the  it  ft  Day  of  the 'Month,  and' under  Au^ufty  I  find 
'11.49,  which  /hewi  the  Sun's  Declination  to  be  it  Degrees  49  Minutes  North ;. accooi* 
lag  to  thcTitleat  ihil  Top  of  theCdiunin.  ' 

'Jphe  Siin's  DecHnatlon'  in  thefe  Tables  being  calcn!atedfbr  tHc  Meridian  of  Londcifiy  if 
^ou  ihould  be  confiderably  to  the  Baftwatd  or  to  the  We'ftwaifd  of  LohiaoO)  it -^111  cjcufe  ^i»De 
.•Alteration  in -it  J  to  corrtfA  whichi  the. 

Table  0/  the  .Variation  of  the  Son>  pedination  is  to  be  ufcd  as  follows  ;  ' 

Firft,  Look  out  the  Declination  for  ilijc  given  Day  of  the  Month,  fliikl  for  the  Day  foOov* 
fng  it,  and  lubtra^  die  LeiTer  from  the  Greater,  the  Remainder  is  the  Daily  Variatiom 
.     Second,  Dbfcrve  Whether  the  Declination  be  increafing  or  dccreafing,  •  which  youjnay 
Icnow  thiis)  If  the  Declination  for  the  Day  following  the  given  Day  be  greatsft,  theaitlfr 
.  Incrcafing,  tut  if  it  be  leaft,  it  is  decteaifingfc  • '' 

Third,  Look  for  the  Daily  Variation'  in  th?.  firft  Columti  of  the  Table,  and  fee  yrhat 
dumber  ftauds  right  agaiifft  it,  ana  ondss  the  ^iven  Q^grees  of  Longitude  ^  v^ich  N^m- 
^r  ia  to  be  ufed  as  follows  t  -, 

If  the  Difference  a(  Longitude  be  Eafterly,  and  the  Decimation,  ihcreafing.  It  'iniift  be 
ifubtraCfced  from  the  Declination  found  m  the  .Tables  for  the  given  Day";  but  if  the  Decli- 
nation be  decfeafing,  it  muft  be.  added.  /. 

If  the  Difference  of  Longitude  be  Wefterly,<  and  the  Decimation  iflcreafiflg,  it  cnnft  be 
ttdded ;  but  if  the  Declination  be  decreafing,  it  muft  be  fubtrafted  \  .the  Sum  in  one  Cafey 
inid  the  Itemainder  ift-tbe  Qther>  wiU^  ths  Sun^s  De^JiiUt^on  at  Noo(i  ia*tbe  -Longitude 


Suppofeon  September  to,  1796,  •  SbSp  la  Longitude  64  Degrees  Weft  of  London  { 
what  is  the  Sun'a  true  Declination  when  on  the-Ship^s  Meridian  ?  •  ^ 

D«  M.  ->  And  becaufe  the  Declin.  is  decreaHng  the. 

DecU-  at  London  Sept.  10,  1796,  4  35N.  I      Difference  muft  be  fubtradted  ;  there- 

Ditto  at  London  Sept.  ii,  4  12  N.  I      fore  opposite  to  23,  and  undrr  60  De- 

I  f      grees  of  Longitude  (lands  4  Minutes^ 

Daily  Variation  of  Declination  23  Miles      I      which  fubtradted  from  40  35',  give* 

J      40  31',  the  Dcdin.  at  the  Ship. 

Again,  fuppofe  in  Longitude  50  Degrees; Eaft,  on  March  20th,  1795J  what  Is  the  Sun*t; 
Declination.?     Here  the  Daily  Difference  is  24. 

D.  M.     '\  Since  the  Declination  Is  encreafing,  and  the  Lon- 
Sun^s  Dec?.  March  20  o     3  S.  I      gitude  £a(l,  it  mull:  be  fubtradbed,  snd  the  Re- 

Variation  for  50  Degrees        o     3  N.  S     mainder  being  nothing,  fhewo  that  the  Sun  i», 

-»— —      I       u;«'jii  the  Equinoctial  at  the  Ship^s  Meridian. 
Declination  at  Noon  at  Ship  o    o      J  . .   ' 

la  like  Manner  may  the  Dedlnatlon  be  fitted  to  any  Meridian ;  bu^  it  (bn^titlmes  hap- 
pens that  the  Declination  is  wanted  when  the  Sun  is  not  upon  the  Meridian ;  in  fuch  Cafes 
It  is:  bed  to  find  the  Declination  for  the  preceding  and  following  Njoonsj  and  take  the  Dif- 
£erencey  ai^d  then,  fay,  af  24  Ht>ur8  is  to  that  Difference,  fo  is  the  Houi;s  from.  Noon  to  a 
Fourth  Number,  which  being  added  or  fubtraded,  according  as  the.Dcdination  is  iucrea/ing, 
or  dpcreafiifg,  and  the  Time  being  in  the  Fore  or  Alternoon,  gives  the  feun's  Declinatioi>, 
fi)r  the  given  Time. 

Suppofe  it  were  required  to  find  the  Sun's  Declination  on  April  15,  1791,  at  8  Hourt 
55  ^IJJiutes  in  the  Morning  ? 

Firft,  I  look  in.  the  Tables  fiar  the  Sun^s  Dedinationy  ApcQ  iSn  ^79.^>.  ^"^  ^'^^  it  to  b«'' 
90  51'  3  and  then  I  look  for  it  April.  14,  and  find  it  to  be  90. 29' ;  the.'  Daily  Difference  it:' 
22  Uinutea  t  Then  I  fay,  as  24  Hours  is  to  22  Minutes,  fo  Is  20  H.  53  M.  the  Tim« . 
clapfed  fi^ice  laft  Noon,  to  19  Minutes,  which  added  t^  90  ^9',  bqcaule  the  Declination  la 
encreafing,  gives' 90  48'  for  the  Decliaation  at  the  gi^venTime;  but  had  the  Declinatioa 
been  deaeafing>  tiie  19  Minuses  muff  have  been  (nbtra4bed  fron^  the  preceding  Noon* 

In  like  Bfianner  the  Declination  is  found  for  any  Hour  ^f  the  Day^  and  under  any  Meri- 
dian, foe  you  have  nothing  more  to  do,  than  to  reduce  the  Di^crence  of  Longitude  into 
TinuB,  and  add  to  or  fubtrad  i]t  from  the  given  Time,  according  as  the  Longltijde  is  £aff  or 
Weff>  and  then  find  the  Declination  as  above* 

'When  the  Longitude  and  Time  of  the  Day  are  given»  turn  the  Longitude  Into  Time,  by 
allowing  one  Hour  for  every  15*^  or  4  Minutes  for  eyery  Degre^,  and  add  it  to  the  glvea 
Time  when  the  Longitude  is  Weff,  but;  fubtrad  it  when  it  is  Eaff,  and  the  Sum  ur  Diffi:- 
rence  wiU  be  the  reduced  Tiracat  the  Ship :  Then  fay,  as  24  Hours  is  to  the  Dally  Dlffe- 
lence  of  Declination,  (p  is  the  Time  at  the  Ship  to  a  fourth  Number,  which  muff  be  either 
added  to  or  fubtra^ed  from  the  Declination  the  preceding  Noon,  ai:cording  as  the  Declina« 
t]«n  is  increafing  or  decreafing* 

The  Declinatbns  haye  been  carefully  compared  ^th  the  Nautical  AImanac>  and  com- 
puted  to  Uie  neareft  Minute,  which  is  q£  fufficient  £aa£tne(a  for  determining  the  Latitude 
oy  Observation  ;  but  in  finding  the  Tlmey  in  order  to  determine  the  Loagltud^  the  De^ 
clination  muff  be  t^ikux  out  of  the  Nautical  Almanac,  it  being  tl^ere  calc^ated  to  Minute*  - 
tndSecoods. 
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This  Table  is  Tufficicntly  exa^S  fbr  finding  wfien  any  Star  comes  to  the  , 

. 

Meridian,  in  order  to  obtain  the  Latitude ;  but  in  all  Calctilations  for  de- 

teniiininj£ the  Longitude  by  Ceiellial  Obferva^ions,  the  Sun^s  Right  Afccn- 
(ion  and  DecUnation  muft  be  Uk*;n  out  of  the  Nautical  Aluwinac,  as  they  are 

i 

itiere  cakulsted  to  a  i;r«ater  pegre^  of  Accuracy, 

'* 

W^ 

^^^ 

P^^F 

Table  XIII. 


A  Table  of  the  Right  Afcenfion  and  Declination  of 
fome  of  the  principal  fixed  Stars,  adapted  to  the  Year 
1796,  with  their  Annual  Variation. 


Names  of  die  Stars. 

Shedar»  in  the  Breaft  of  Caffiopeia  — |  3 

Abruccabar,  Polcigtar,  Tail  of  the  Little  Bear  2 
Mirach,  in  the,  Girdle  of  Andromeda  —  2 
Almaach,  in  the  Foot  of  Andromeda  —  2 
Menkar,  in  the  Jaw  of  the  Whale  —  2 
Algol*  »n  ^«  Head  of  Mcdufa  —    2 

Aigcniby  the  bright  Sur  in  Perfeus  —    2 

Pleiades,  fkt  bright  Star  in  Taurus 
Hyadesy  in  Taurus  ■  —    3 

AMeharaOy  the  BjulPs  South  Eye  — >-^    i 

CapeHa,  in  the  Goat        — —  —    i 

Bellatrix,  in  the  Weft  Shoulder  of  Orion  z 

Betelguefe,  in  the  Eaft  Shoulder  of  Orion         i 
Caftor,  the  bright  Star  in  the  Head  of  Gemini 
Procyon^  the  bright  Star  in  the  Little  Dog       i 
Pollux,  in  the  Head  of  Gemini  — -    2 

Acubens,  in  xhe  Claw  of  Cancer  — - 

ReguJusy  in  the  Lbn^s  Heart  

Dubhe,  upper  Pointer  in  the  Great  Bear 
Alioth,  the  firft  in  the  Tail  of  the  Great  Bear 
Benetnach,  laft  in  the  Tail  of  the  Great  Bear 
Ar^urusy  in  Bootes  —  —- . 

Mirach,  in  the  Thigh  of  Bootes  — 

Aiphacca,  the  bright  Sur  in  the  Crown    — 
Raf.  Algethi,  in  the  Head  of  Hercules      — 
Raf.  Alhague,  in  the  Head  of  Ophiucus 
Raftabeji,  in  the  Head  of  the  Dragon        *« 

Vega,  the  bright  Star  in  the  Harp         

Atair,  the  bright  Star  in  the  Eagle  — - 

Deneb,  in  the  Tail  of  the  Swan  — — 

Alder^ifnin,  in  the  Shoulder  of  Cepheus 
Scheatj  \n  the  Thigh  of  Pegafus  . 

Marcab,  in  the  Wing  of  Pegafus  — 

Achemar,  in  the  River  Eridan^s  -^ 

Rigel,  in  the  Foot  of  Orion  »— - 

Canopu<>  the  bright  Star  in  Argo        -i-..^ 
Siriu?,  the  bright  Star  in  the  Great  Dog 
4Jphard,  in  the  Heart  of  the  female  Hydra 
Virgin's  Spike,  in  the  Sheaf  of  Virgo     — « 
Zubenefch,  in  the  South  Scale  of  Libra 
Zubenelg,  in  the  North  Scale  of  Libra      — 
Antares,  in  the  Heart  of  Scorpio 
Fomalhaut,  bright  Star  in  the  Southern  Fiih 
The  Foot  of  the  Crofs        — — 
The  bright  Star  in  the  Oars  -- 

The  bright  Star  in  Centaur  — 


Right 
Afcenfion 


Annual 
Van. 


H.  M.  S. 
28  51 

50  24 
58  22 

51  27 
51  38 
54  57 

9  50 
35  H 

8  12 
24  14 

I  40 
14  12 
44 

»i  35 
28  39 
31  52 

8  47  19 

9  57  31 
10  51 

12  45 

13  39  31 

14  6  25 

14  36  10 

15  26 
17  25  27 
17     5  zz 

17  S»  53 

18-30 

19  40  48 

20  34  29 

21  13  42 
**  53  54 
"  54  37 


Declination. 


S.T. 

+3«3> 

IC.05 


30 


55  as    5N 

88  13  13 

34  3»    7 


6241  20  38 


3  x6  52 

9  31 

49    7  13 

23  17  50 

15  7  24 

16  5  19 


^3    _ 

8540 

20 

55 

39 

43 


4.4045  46  12 


3.22 

3-a5 
3.88 
3.20 


30    7 

4  44 
19  26 
36  II 

I?  34 
14  28 

39  38 
6 

16  16  56 
22  46  20 
12  15  24 
9  10  56 
14  26  12 


3 

3 

3 

3 

2 

2 

2 

2 

2-54 

2.74 

2.75 

1-37 

2  •02 

2*90 

2.05 


698 

7  21  21 
32  19  20 

5  44  58 
z8  30  26 
12  38  18 
12  57  32 
62  51  o 

57  4  10 

50  20  IX 
20  16  5 
27  56  27 
27  24  39 
14  38  I 
12  43  18 

51  30  59 
38  35  54 

8  20  7 
44  33  26 


Annual 
Var, 


0-75 
4.41 


1.4461  4.3  31 

2.88  -  -*  - 
2.98 
2.25 
2.89 
1.34 
2.69 
2.96 
►15 


16   58  8 

14  6  37 

58  16  39S. 
8  26  52 

5a  35  »3 
16  25  58 

7  46  53 
10  5  28 

15  u  3 

8  37  13 

25  57  5S 
30  41  52 
61  57  50 
68  52  46 

59  59  37 


T. 

19.91+ 
19.69+ 

'9-45+ 

17.80+ 

14.80+ 

14.63+ 

'3«7i+ 

12.  oo^. 

9.60+ 

8.32+ 

5.30+ 

4-15+ 

1-58+ 

6.78— 

7.40— 

.7-70— 

»3*to^ 

i7«i6— 

19.09 

19.69— 

18.24— 

17. li 

15.67— 

12. 6( 

4-87— 

S-15-^ 

0.78— 

2.52+ 

8.40+ 

12.44+ 

14^95+ 
19.18+ 
19.20+ 
ii.56— 
4.94— 
1.60+ 
3-10+ 

»5*i3+ 
19.00+ 
15.50+ 

»3-93+ 

8.90+ 

18.97- 

20.0X  + 

14-79+ 
16.26  + 


If  the  Places  of  thefe  Stars  are  wanted  for  any  Time  before  the  Beginning  of  the  Year 
1796,  multiply  the  Annual  Variation,  both  in  Right  Afcenfion  and  Declination,  by  the 
Number  of  Years  before  1796,  and  fubtrad  the  Produft  from  the  Right  Afcenfion! 
ftanding  ^n  the  Table  $  b)it  the  Produd  x>r  the  Annual  Variation  in  Declination  mu/l  be! 
added  to,  or  fubtra£led  from,  the  Declination^  according  as  the  Sign  +  or  .— >  follows  it ;' 
but  for  any  Years  after  1796,  the  Variation  "in  Right  Afcenfion  muft  be  added  to  tire 
Right  Afcenfion  in  the  Table,  and  the  Variation  in  Declination  muft  be  either  added  toV 
or  fubtradked  from  it,  according  as  their  Signs  are,  to  fit  the  DecUnd^votv  Xa  avv^  V(v^^^^- 
ing  Ycar.-T-The  Annual  Variation  is  fet  down  for  Seconds,  ixid  \^^cvra3^%  otaL^«.t<itA. 


3V\ 

1^ 


\,. 


Ic  is  obvious,  that  hy  £he  Sun*t  Annual  Motion,  Ke  u  perpetoaUy  changing  Us  DecIIni- 
tjon  and  Right  Afcenfion,  which  is  fet  down  in  the  preceding  Tajle  for  the  Noon  of  every 
Pay  at  London ;  and  nuy  be  reduced  to  any  other  lime  or  Meridun,  as  has  been  abcady  ' 
ih;:\irn  in  finding  the  Longitude. 

By  the  Proceifion  of  the  Equinoxes,  the  fixed  Stars  are  conlinnallf  altering  their  Loo^ 
tudes.  Right  AfcenHons,  and  Declinations,  the  Alteration  in  Longitude  ia  about  50  Seoondi 
every  Year  *,  the  Alteration  in  Right  Afcenfion  and  Declination  of  fome  of  die  principal 
fixevl  Stars  are  (et  down  in  the  preceding  Table  for  1796;  and  their  Aiinual  Variation, 
wlt!ch  being  applied  to  the  Right  Afcenfion  and  Declination  in  the  Table,  by  Adoidon  or 
Subtraction,  gives  the  Rigiit  Afcenfion  and  Declination  for  any  fucceeding  Years. 

The  Right  Afcenfion  of  the  Sun,  Moon,  or  Stars,  is  the  Number  of  Degrees  of  the 
Xquino£ttal  that  cornea  to  the  Meridian  witli  them,  counted  firom  the  firft  Pbuit  of  Arlea. 

The  Ufe  of  the  Tables  of  the  Right  Afcenfion  of  the  Sun  and  Stars  is  to  find  the  Tine 
when  any  Star  culminatea,  ox  is  upon  the  Meridian  on  a  given  Day. 

RULE. 


Look  for  the  Right  Afcenfion  of  the  Sun  and  Star  in  the  preceding  Tables^  and  fttbtnft 
the  Sun*s  Righc  Afccnfioo  from  the  Starts  i  bat  if  the  Sun*s  Right  Afcenfion  be  greatffSy- 
add  24  Hours  to  the  Star's  Right  Afcenfion,  and  then  fubtrad  the  Sun^s  firom  it,  the 
Remainder  will  be  the  Time  ef  the  Starts  coming  to  the  Meridian. 

When  the  Sun's  Right  Afcenfion  is  leaft,  the  Star  conies  to  the  Meridian  in  the  After- 
noooi  but  before  Noon  when  the  Sun*s  is  greatefi*  / 


EXAMPLE     I. 
At  what  Time  will-  the  Star  Ardurus  be  on 
the  Meridian  of  London,  Dec.  i  ? 

H.M. 
Aiduraa*8  Right  Afcenfion      —       14    6 

24    o 


&iftn*s  Right  Afcenfion        .  — 
After  Midnight  *— - 


Morning  —  — —  ^         9  34 

That  isy  the  Star  Ar^urus  will  be  upon 
the  Meridian  of  London  35  Minutes  after 
Nine  o'clock  in  the  Morning. 


EXAMPLE     IL- 
At  what  Time  will  the  Star  Vuipn^i 
Spike  be  on  the  Meridian  of  Londoa,  S^ 
tember  i  ? 

H.M. 
S^ca  Virginis^s  Right  Afcenfion        13  14  ; 
Sun*s  Right  Afcenfion         «— ■  1044 


The  Star  cuhninates  Aftemaon 


«  3» 


So  the  Star  Vir;g^*s  Spike  oonea  to  the 
Meridian  at  London  3s  Minutu  after  TwQ 
in  the  Afternoon. 


To  find  what  Star  will  come  upon  the  Meridian  at  any  given  Hmer 
RULE. 


Add  the  Time  from  Noon  to  the  Right  Afcenfion  of  the  Sun,  the  Sum  will  be  the  Rlgbt 
Afcenfion  of  the  Star  required  to  be  known ;  with  which  enter  the  Table  of  the  Star*! 
kight  Afcenfion,  and  find  what  Star's  Right  Afcenfion  agrees  with,  or  comes  the  j 
to  it,  ■  and  that  is  the  Star  required. 


EXAMPLE      I. 
I  would  know  what  Star  would  be  on  the 
Meridian  of  London  about  Ten  at  Night, 

■f"""^*'-  H.M. 

$un'sRightAfcen.  Jan..25,  atNoon  20  32 
And  for  10  Hours  more  —  o  2 
Given  Time  10  Hours  P.  M,  10    o 


Sub. 


30  34 
24    o 


|E<learIy  anfwers  to  Siriet         -«—         6  34 


EXAMPLE      IK 

What  Star  will  be  upon  die  Meridian  of 
London  20  Minutes  paft  Four  in  the  Morn- 
ing, May  10  ? 

H.M. 
Son*8  Right  Afcen.  May  9  at  Noon  3  5 
And  for  16  Hours  more  •-«  03 

GiTen  Time  z6h.  30  m.  P.  M«  16  30 

Right  Afcenfion  of  Mid.  Heaven        19  3$ 
Anfwers  nearly  Co  Atair  in  die  Ei^« 
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To  find  the  Time  of  the  Sun*s  Rifing,  Setting,  and  Length 
of  the  Day  and  Night,  by  this  Table. 

Firft.  Fihd  the  Sun*$  Declination  at  the  Top  of  the  Page  (marked  with  the  Degrees  of 
DecIJnatiflii)  and  the  Latitude  in  the  Right,  or  Left  Hand  Columns  (marked  Lat.)  and  iu 
the  common  Angle  of  Meeting  is  the  Time  of  Sun  Setting,  if  the  Sun  has  North  Dcclina- 
tioji>  Ikut  the  Time  of  Sua  Riling,  if  the  Sun  has  South  Declination. 

EXAMPLE       L 

Let  It  be  required  to  And  the  Time  of  the  Sun's  Rifing  and  Setting,  with  the  Length  of 
the  Day  and  Night,  in  Latitude  510  North,  the  18th  of  July,   1796  ? 

I  firft  feek  the  San^s  Declin<ttion  for  the  given  Day,  and  find  it  lOO  53"^  North,  which 
I  here  call  210,  then  under  the  Declination  zi,  and  againft  the  Latitude  510,  ftands  7 
Hours,  53  Miftutes,  the  Time  the  Sun  fets  on  the  given  Day,  in  Lat.  51  North,  which 
being  doubled,  gives  15  Hours,  46  Minutes,  the  Length  of  the  Day  ;  and  if  7  Hours,  53 
Minutes,  «he  Time  of  Sun-fetting,  be  fubtraAed  from  12  Hours,  the  Remainder  4  Hours^ 
7  Minutes,  gives  >ihe  Time  of  the  Sun'.s  Rifing,  which  being  doubled,  gives  8  Hours> 
24  Minutes  Length  of  the  Night. 

But,  when  the  Sun  has  21*  South  Declination  in  this  Latitude,  the  Time  of  Sun  Set- 
ting becomes  the  Time  of  Sun  Rifing,  and  the  Length  of  the  Day  will  then  become  the 
Length  of  the  Night. 

Thus,  the  25th  of  November,  1796,  the  Sun's  Declination  is  20*  59'  Soudi,  or  %i^p 
then  the  Tjme  of  Sun  Rifing  is  7  Hours  53  Minutes,  his  Setting  4  Hours  7  Minutest 
and  the  Length  of  the  Night  15  Hours  46  Minutes,  and  Da/  8  Hours  14  Minutes. 


of  of 


EXAMPLE     n. 
Let  it  be  re<|ttired  to  find  the  Time  of  the 
$un's  Rifing,  Setting,   and  Length  of  the  Setting] 
Day  aud  Night,  at  Peteriburg,  the  21ft 
Jui^e,  1796. 

.Under  23**  28'N  the  Declination  that  Day, 
and  againit  60'*  North,  the  Latitude  of  Pe 
terfburgh,  iz     o 

Stands  the  Sun's  Setting  916 


.The  Time  of  Sun  Rifing 


2  44 


SoinSetting  doubled  is  the  Leng.  of  Day  1 8 ,  32 
&n  Rifing  doubled  istheLen.  of  Night  5  28 


EXAMPLE    III. 
Required  the  Time  of  the  Sun's  Rifing  and 
and  Length  of  the  Day,  at  the  Cap^ 
Good  Hope,  iu  Lat.  34.29  S.  the  15th  of 
May,   1796. 

Under  the  Declination  19^   6'  or  19'*  K. 
and  againft  the  Lat.  34  S.  12     o 

Stands  the  Sun's  Rifing  6  54 


Time  of  Sun^s  Setting 


5    ^ 


The  Length  of  the  Day  10  iz. 

And  6  H.  54  M.  doub.  is  Len.  of  Night  13  4S 


When  a  greater  Degree  of  Accuracy  is  required,  proportional  Parts  may  be  taken  for 
Degrees  and  Minutes  of  Latitude  and  Dedinaiion. 

To  find  the  Rifing  and  Setting  of  the  Stars, 

^By  this  Table  the  Rifing  and  Setting  of  any  Star  ma^  be  found,  whoTe  DecUnatioa 
does  not  exceed  23^  30'  North  or  South,  in  the  following  Manner* 

If  you  are  in  North  Latitude,  and  the  Star  has  North  Declination,  look  for  theiDccli* 
nation  at  the  Top,  and  the  Latitude  in  the  Right  or  Left  Hand  Columns,  in  the  Angle  of 
Meeting,  is  Half  the  Time  of  the  Star's  Continuance  above  the  Horizon,  in  that  Lati- 
tude )  or  the  Time  it  takes  in  Afcending  from  the  Eaftern  Side  of  the  Horizon  to  the  Me- 
ridian, and  Defcendtng  from  the  Meridian  to  the  Weftern  Part  of  the  Horizon. 

Therefore,  if  thefc  Hours  and  Minutes  be  fubtrafted  from  the  Time  of  the  Starts 
coming  to  the  Meridian,  the  Remainder  will  be  the  Time  of  the  Star's  Rifingy  and  if 
addedy  the  Sum  will  be  the  Time  of  the  Star's  Setting. 

EXAMPLE      I. 

Required  when  the  Star  Ar£lurus  rifes  and  fets  December  X,  In  Lat.  51^  N", 

The  Time  of  the  Star's  coming  to  the  Meridian,  or  Southing  in  the  Morning  9  35 

,  Then  under  Star's  Declination  20*  16'  or  20*  N.  and  againft  Lat.  51  ftands  7  47. 


Tune  of  Star's  Rifing  in  the  Morning 
Added,  gives  the  Time  of  the  Star's  Setting 

Star  fets  22  Minutei  after  5  in  the  Evening 


1  48 

17    2X 
12 

5  a* 


N  n  X 


'  When  thi  Latitude  is  North)  and  the  Star  has  South  DecUnatuoni  or  the  Latitude  Sooth 
and  the  Sur  has  Nortlj  Declination ;  find  the  Latitude  in  the  Side  Columns  as  before, 
againft  which,  and  under  the  Degrees  of  Declination,  (lands  Half  the  Time  the  Star  U 
under  the  Horizon,  which  being  fubtradted  from  H,  the  Remainder  will  be  Half  the  Time 
the  Star  will  be  above  the  Horiton  in  that  Latitude. 

Example.     What  Tixme  will  the  Dog  Star,  Sirius>  Rife  and  Set  at  London,  Jan.  z$  > 

Under  the  Declination  i6o  26^  S.  and  againft  Lat.  51^  32'  or  52"  ftand»  7  2$ 

Half  the  Time  the  Star  is  above  the  Horizon  — —  — — 

The  St4r  comes  to  the  Meridian  in  the  Evening,  at  > '      '  ■ 

Which  Subtra&ed,  Ihtvn  that  the  Sur  Rifes  at  31  M.  after  5  in  the  Evcnms  531 

Added,  ftews  the  Time  the  Star  fets  in  the  Morning  ■  2  39 

In  like  Manner  may  the  Riling  and  Setting  of  the  Planets  be  found  when  their  Declina- 
tion does  not  exceed  230  |,  and  the  Time  of  their  Paflage  over  the  Meridian  is  Itjiown. 

Suppafe  it  were  required  to  know  the  Time  of  Jupiter^s  Rifing  and  Settin;^  in  Latitude 
52  North,  the  ift  of  Auguft,   1796. 

In  the  Nautical  Almanac  for  1796,  I  find  that  Jupiter  palTes  ever  the  Meridian  of 
Greenwich  at  14  H.  3  M*  that  is  3  Minutes  after  2  next  Morning,  and  his  DeelinatioA  if 
to  27'S. 

Now,  12  H«  added  to  14  H.  3  M.  is  26  H.  3  M.  from  which  fubtra^  24  H.  and  the 
Remainder  2  H*  3  M.  is  the  Time  of  his  pa^ng  the  Meridian  in  the. Morning  of  that 
Day,  according  to  the  civil  Af  count. 

Under  Declination  8^  27'  or  8**  and  againft  Latitude  52^  ftand  6  H.  41  M.  half  the 
Time  Jupiter  is  below  the  Horizon,  this  doubled  is  13  H.  22  M.  the  Length  of  Jupiter *» 
Night,  which  fubtradted  from  24  H.  gives  lo  H.  38  M.  the  Length  of  his  Day.  ' 

Again,  6  H.  41  M.  added  to  his  paifing  the  Meridian  2  H.  3  M.  gives  S  H.  44  M, 
his  Rifing  in  the  Evening,  zad  2  H.  3  Minutes  added  to  12  H*  gives  14  H.  3  Minutes, 
from  this  Sum  take  6  H.  41  M.  and  the  Remainder  7  H.  22  M«  is  the  Tiaae  of  hit 
fettiog  in  the  Morning. 

Suppofe  It  were  required  to  find  the  MoQn^s  Riling  and  Setting  Auguft.  the  I3tb,  X796,, 
in  Latitude  52*  North. 

In  the  Nautical  Almanac,  (page.6th)  I  &nd  that  the  Moon  pafi^s  the  Meridian  of  Green- 
wich at  S  Hours  1^  M.  in  the  Evening,  and  her  Declination  at  Midnight  is  22^  55' South. 

Then  in  the  Tables,  under  the  Declination  %V>  32/  S.  or  22^9  and  againft  the  Lat.  520. 
itands  8  H.  5  M.  Half  the  Time  fhe  is  under  the  Horizon  doubled  is  16  H.  ro  M.  the 
I.engtli  of  the  Lunar  Night,  which  fubtra£ied  from  24  H.  leaves  7  H.  50  M»  the  Lunaf 
Day.  To  the  Moon^s  Southing  or  PaiTage  over  the  Meridian,  8.  H.  16  Mr  add  half  the 
Lunar  Day  3  H.  35M.  gives  11  H.  51  M.  her  fetting  at  Midnight,  and  from  8  H.  16  M« 
take  3,  55,  the  Remainder  4H.  41  M.  is  the  Time  of  her  Rifing  in  the  Afeemoon. 

*a  like  Manner  may  be  found  the  Rifing  and  Setting  of  the  other  Planets,  only  obferving, 
that  the  Noon  of  the  conugaon  Day,  and  End  of  the  Sea  Day,  is  the  Beginning  of  the  Day 
in  the  Nautical  Almanac* 

:  As  all  the  Calculations  here  are  made  for  the  Meridian  of  London,  or  Greenwich,  there- 
fore  Care  muft  be  taken  to  reduce  the  Time  of  their  PafTages  over  the  Meridian  of  Green- 
wich, to  the  Meridian  of  the  Place  of  Obfcrvation,  by  a.lowing  i  H.  later  for  every  i^* 
of  Weft  Longitude,  and  i.  H.  fooner  for  every  15**  of  Eaft  Longitude. 

.  It  were  to  be  wifiied,  that  Gentlemen  belonging  to  the  Sea  would  carry  a  celeftial  Globe 
^th  them,  upon  which  all  the  above  may  be  found  in  an  eafy  Manner  \  for  they  would 
have  nothing  more  to  do  but  to  fet  the  Globe  North  and  South,  raiie  the  Pole  as  many 
Degrees  above  the  Horizon  as  the  Latitude  is ;  bring  the  Son's  Place  to  th^  Brasen  Men* 
dian,  imd  fet  the  Index  to  the  upper  12,  then  turn  the  Gbbe  round,  and  note  what  Start 
come  to  the  Meridian,  and  the  Hour  Index  will  point  to  the  Time  ;  when  they  come  above 
the  Horizon,  it  will  point  to  ihe  Time  of  their  Rifing,  and  when  they  defcend  below  the. 
Hori2on  it  will  point  to  their  Setting,  for  as  each  Star  on  the  Globe  will  point  direftly  to 
one  of  the  fame  Name  in  the  Heavens,  they  may  be  viewed  at  any  Time  of  the  Night ;  or^ 
if  a  Planet,  turn  the  Globe  until  the  Index  points  to  the  Time  of  their  Pafl*age  over  the 
Meridian,  and  nKike  a  I^ark  on  the  Globe  with  a  Pencil  under  their  Declination,  then  turn. 
the  Globe  Eaft  until  the  .Mark  conies  to  the  Horizon,  and  the  Index  will  point  to  the  Time 
of  their  Rifing ;  and  turned  Wefterly  till  it  come  to  the  Horiaon,  the  Index  will  point  to 
the  Time  of  their  Setting. 
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629S 

6196 

6097 

6qoo 

59'^5 

S3i3 

5721 

56  V 

5544 

545« 

5574 

5291 

1    ^^ 

6295 

di94 

^095 

S998 

5903 

5SJ0 

^719 

5S30 

5543 

^457 

^373 

sm 

JS 

6i(j4 

6193 

6094 

5997 

5902 

5809 

57  iS 

5629 

'Si4f 

5456 

537^ 

529Q 

j6 

6193 

6H}1 

6qj2 

5995 

5900 

5^07 

^716 

5*^7 

554^ 

5454 

5370 

17 

6251 

6J^ 

C090 

5993 

589^ 

5*0^ 

5715 

56Z6 

ss-i^ 

5453 

^367 

52S7 

i!J 

*2l9 

6in 

60^9 

5992 

5897 

^So4 

^71% 

^624 

5*^37 

545^ 

^368 

5**S 

'9 

6287 

6iB6 
hiB4 

6-lt7 

$990 
S98S 

5«95 
5S94 

5SQ2 

57  12 

S7'0 

1:623 

5i3v 
SS34 

5450 
5440 

Si6d 

^283 

10 

62E6 

ZI 

62^4 

6JS3 

6084 

5987 

5892 

5S0Q 

57^9 

5620 

5533 

5447 

53H 

5281 

21 

fi^Hi 

&i»i 

6082 

r^8s 

5li^-^o 

579S 

=f7'^7 

^618 

5'53r 

.544S 

S1^^ 

5280 

=  3 

61^1 

6179 

6o3o 

5934 

SS89 

5796 

^706 

^617 

5530 

<^44 

^36. 

5278 

»* 

&279 

617S 

6u79 

59li2 

5885 

5795 

S70^ 

^615 

55^3 

5443 

53W 

5377 

25 

6»77 

6176 

6c^77 

59*0 

58i5(j 

5793 

5703 

5614 

55^7 

5441 

5358 

527t>  . 

16 

6275 

6174 

6075 

5'}?9 

3^H 

5791 

57(?r 

5612 

55*5 

5440 

535& 

5*74 

Z7 

6274 

0173 

fc074 

S977 

5JS^ 

5790 

S7«o 

56 J  I 

55-4 

5439 

535'; 

5^73  : 

2S 

6i7j 

6171 

6072 

5970 

t8sij 

5789 

t;69B 

5609 

5522 

'f417 

53  H 

5^7^ 

19 

6270 

£r69 

f^Q71 

5974 

S8lio 

57*7 

^697 

1560B 

5521 

<^43<5 

^35^ 

■:i7o 

30 

£169 

GiG» 

6063 

S?73 

5^73 

57S6 

5^9  S 

^607 

5520 

541  ^i 

5351 

S26q 

3f 

6167 

6i&£ 

6067 

5971 

5*i7t^ 

5784 

^6f)4 

^60^ 

5518 

^433 

53^0 

5^68 

3^ 

6a6q 

6164 

to66 

S96tj 

5^75 

57S3 

^693 

^604 

55«7 

54^1 

^343 

526U 

31 

6264 

6163 

£064 

5963 

5»74 

57^1 

!;6ci 

5fe 

SSih 

5410 

5347 

SI65 

34 

£162 

liibj 

bobi 

S9tb 

587^ 

577^^ 

^&89 

560T 

55H 

54^9 

3  345 

5*64 

35 

616c 

615c) 

6061 

59H 

5870 

$77^ 

S683 

5^99 

55'^ 

H^7 

5344 

5^fi2 

3O 

6i^9 

6iSS 

6059 

59^1 

5869 

5777 

S*36 

^^qS 

55"' 

H*^ 

5343 

52&I 

37 

6257 

6156 

605a 

S9fii 

5867 

577  ^ 

5^8  q 

,-*;96 

5510 

54^  S 

534T 

5260 

33 

611;^ 

6J54 

6056 

59*^0 

5866 

S773 

S683 

5595 

55°li 

54^^ 

534° 

52^8 

39 

6a  54 

6153 

tQ5  5 

^9S^ 

5864 

577i 

c6Sz 

559+ 

^■.07 

942.^ 

5339 

5->7 

4° 

615* 

6151 

6053 

5957 

5it6a 

577° 

56E0 

559^ 

55°5 

5420 

5337 

5255 

41 

6250 

6i4q 

6051 

Sy55 

SS6i 

57^9 

5679 

S^90 

5504 

5419 

5336 

5=^4 

4^ 

624S 

6148 

6050 

5954 

^^60 

57^8 

5677 

^^89 

55<>3 

541H 

533=; 

5=^53 

43 

6247 

6r46 

604B 

595=^ 

58^^ 

5766 

^670 

5^«7 

5501 

^416 

5333 

;2SI 

44 

6241; 

6144 

6046 

5950 

535^ 

57*54 

S674 

55S6 

55^^<= 

5415 

533^ 

52^0 

45 

6^4^ 

614, 

6045 

S949 

s^% 

57^3 

S&73 

5^'«^ 

5498 

^4H 

5331 

5*49 

46 

624] 

^141 

'6043 

5947 

5851 

57*1 

S671 

5583 

5497 

5412 

53^9; 

5*47 

47 

6240 

6339 

6041 

5945 

5^5^ 

57«c 

5670 

5581 

5495 

541 J 

5328 

5246 

48 

613R 

6ii8 

6040 

5944 

581:0 

57  S* 

5669 

558° 

S494 

5409 

^32(J 

5*4=; 

49 

<i2  36 

6136 

6038 

5942 

5349 

5757 

^^■67 

^^79 

541^ 

5408 

53^5' 

5*43 

SO 

623, 

*>n4 

6037 

5941 

5847 

S75S 

^66^ 

5377 

5491 

5406 

5313 

SH^ 

SI 

G231 

fij33 

603  s 

5939 

5H46 

5754 

,-664 

5^7^ 

5490 

-54-^5 

5322 

5241 

5^ 

6237 

6131 

6033 

m^ 

5844 

575^ 

^662 

5574 

^4«a 

^404 

5321 

5239 
523I 

53 

6230 

5^30 

663i 

sn^ 

5842 

575' 

566J 

5^73 

5487 

5402 

5319 

54 

fiiig 

5 118 

6030 

^915 

5S4J 

S74^ 

06g 

5^71 

HH6 

54^1 

53^8 

5*37 

SS 

6126 

61116 

6028 

sn^ 

S^V) 

574S 

5^58 

S'i7o 

5484 

5399 

5317 

5*35 

S^ 

6125 

61JS 

fio27 

593* 

5S3B 

5746 

5656 

55t'9 

548^ 

5398 

53M 

5234 

57 

6223 

6i£3 

6025 

5930 

583^ 

5745 

^f'^'; 

SS<^7 

54^1 

5397 

53H 

S*33 

^8 

6221 

6iii 

6014 

59^8 

5S^?5 

574^ 

,654 

5,&e 

541^0 

539^ 

53"^ 

523T 

59 

6220 

6i3q 

6022 

59^7 

5333 

574^ 

^651 

5S*4 

5478 

^394 

s'3iT 

-^z^O 

60 

621S 

6n"i 

fi021     5925 1 

5^11    574c  1 

5651 

5^*3 

5477 

5393 

5510 

5**9 

Q.a 
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s 

o 

I 

2 

3 
4 
5 
6 

7 
8 

9 

lO 

11 

w 

15 

16 
17 
18 

19 

0-54' 

5229 
S227 
5226 
5225 
5223 
522a 
5221 
5219 
5218 

5217 

5215 
5214 
5213 
5211 
5210 
5209 
5207 
5206 
5205 
5203 

:>*55' 

5»49 
5148 
5146 
5'45 
5U4 
5142 
5141 
5140 
5138 
S137 
5136 
5134 
5133 
5'32 
513^ 
5129 
5128 
5127 

^25 
';i24 

SI23 

5122 
512c 
5119 
5I1S 
5116 

5115 
5114 
5il2 
5"! 

5110 
5108 
5107 

5106 
5104 
5^03 
5102 
5IC0 

5099 
5098 
5097 

5095 
5094 

5«^93 
5091 

5090 
5089 
5087 
5086 
5085 

50^4 
5cSz 
5081 
coSo 

5079 
5077 
5076 

5*^75 
5073 
5072 

5071 

o^'So' 

5071 
5069 
5068 
5067 
5065 
5064 
5063 
5062 
5060 
5059 
5058 
5056 

5055 
5054 
5053 
5051 
5050 
5049 
S048 
5046 

5045 
5044 
5042 
5041 
5040 
5038 

5^37 
5036 

5035 
5033 

5032 
5031 
5029 
5028 
5027 
5026 
5025 
5o2'3 
5022 
502! 

5019 
5018 
5017 
5015 
5014 

5013 
5012 
5010 
5009 
5008 

5C.C6 
5003 
50c  4 
50c  3 
5002 
500c 

4999 
499S 
4996 
4995 
4994 

h  '■ 

4994 
4992 

499» 
4990 

4989 
4987 
4986 
4985 
4984 
4983 
4981 
4980 
4979 
4977 
4976 
4975 
4973 
4972 
4971 
4970 
4968 
4967 
4966 
4965 
4964 
4962 
4961 
4960 
4958 
4957 
4956 
4955 
4953 
4952 
4051 
4950 

4949 
4947 
4946 

494') 

4943 
4942 

4941 
494c 
4938 

4937 
4936 

4934 
4933 
4932 

4930 
4928 
4927 
4926 
4924 

4923 
4922 
4921 
4-)i9 
4918 

0*^58' 

4918 

4917 
4916 

49»5 
4913 
4912 

4911 
4910 
49c8 
4907 

4906 
4905 
4503 
4902 
4901 
4900 
4898 
4897 
4896 
4895 
4S93 
4892 
4891 
4890 
4889 
4887 
4886 
4885 
4883 
4882 

4881 
4880 
4878 

4877 
4876 

4S75 
4874 
4872 

4«7i 
4870 

4869 
4867 
4866 
4865 
4864 
4863 
4861 
4860 
48  S9 
4«^« 
48SO 

4S55 
4854 

48.-3 
4852 
4850 

4849 
484S 
4846 
•4845 
4844 

h  ' 
0^59' 

4844 
4843 
4842 
4841 
4839 
4838 
4837 
4835 
4834 
48^3 
4832 
4831 
4830 
4828 
4827 
4826 
4824 
4823 
4822 
4821 

4820 
4819 
48 17 
4S16 
4815 
4813 
4812 
4811 
4810 
4809 

4808 
4806 
4S05 
4804 
4802 
4801 
4800 
479Q 
4798 
4707 

4795 
4794 
4793 
4792 
4790 
4789 
4788 
4787 
4786 
4784 

4783 
47X2 
4781 
4779 
■477'^ 
4777 
4776 
4775 
4773 
4772 

4771 

h  / 
i<'o' 

4771 
4770 
4769 
4768 
4766 
4765 
4764 
4763 
4761 

4760 

47  5<i 
4758 
4757 
4755 
4754 
4753 
4752 
4751 
4750 
4748 

4747 
474'^ 
4745 
4743 
4742 
4741 
4740 
4739 
4737 
4736 

473S 
4734 
4733 
4732 
4730 
472g 
4728 
4727 
4725 
4724 

4723 
4722 
4721 
4719 
4718 

4717 
4716 

4715 
4714 
4712 

4711 
471^ 

4'7-'. 

4  70S 
4707 
470s 
4704 
4703 
4702 
4700 

4699 

h  ' 

4699 
4698 
4697 
4696 
4694 
4693 
4692 
4691 
.4690 
.4689 

4687 
4686 
4685 

4684 
4683 
4682 
4680 
4679 
4678 
4677 
4676 
4675 
4673 
4672 
4671 
4670 
4669 
4668 
4666 
4665 

4664 
466^ 
4661 
466c 

4659 
4658 
4657 
4^.56 
4654 
4653 
4652 
4651 
4650 
4648 
4647 
4646 

.4645 
4644 

'4643 

4641 

4640 

4639 

4638 

4637 
4636 

4^34 
4633 
4632 
4631 

4629 

h  ' 

I<>2' 

4629 
4627 

4626 
4625 
4624 
4623 

4622 
4620 
4619 
4618 

46I7 

4616 
4615 
4613 
4612 
4611 
4610 
4609 
4608 

4606 

4605 
4604 
4603 
4602 
4601 
4600 

4598 

4597 
4596 

4^95 
4594 
4593 
4591 
459c 
4589 
4588 

4587 
4586 

4585 
4584 
4582 
4581 
4«;8o 

4579 
4578 
4577 
4575 
4574 
4573 
4572 

4571 
41^70 
4568 
4.67 
4S66 

4565 
4564 

4563 
4561 
4560 

4559 

h  ' 
1^3' 

4559 
4558 
4557 
4556 
'4555 
4553 
.4552 
4551 
4550 
•4549 
4548 
4547 
4546 

4544 
4543 
4542 
4541 
4540 
•4539 
4537 
4536 
4535 
4534 
4533 
4532 
4530 
4520 
4528 

4527 
4526 

4525 
4524 
4523 
4522 
4520 
4519 
4518 
4517 
4516 
4SI5 

4514 
4512 

4511 
4510 

4509 
4508 

4'5<57 
4506 

45^5 
4503 
45C2 
4501 
45C0 
4499 
4498 
4496 
449  5 
4494 
4493 
4492 
449? 

h  ' 
1-4' 

449  X 
4490 

448:) 
4488 
4486 
4485 
■445?4 
4483 
4482 
4481 

4479 
4478 
4477 
4476 
4475 
4474 
4473 
4472 

4471 
4469 

4468 
4467 
4466 
4465 
4464 
4463 
4461 
4460 

4459 
4458 

4457 
4456 
4455 
4454 
4452 
445J 
445^ 
4449 
444« 
4447 
4446 
4445 
4444 
4442 
4441 
4440 
4439 
4458 
4437 
4436 

4435 
4434 
4432 
4431 
4430 
4429 
442S 

4427 
4426 

4425 
4424 

ll  ' 
1^5' 

4424 
4422  f 
4421 
4420 

4419 
4418 

4417 

4416' 

4415 

4414 

4412 

44<1i 

4410 

4409 

44c8 

44C7 
44c6 
4405 
4404 
4402 
4401 
440c 

4399 
4398 
4397 
4396 
4395 
4394 
4392 
4391 
4300 

4589 
4380 
^W 
43S6 

438s 
4384 
435^2 

43'^i 
435^0 

4379 
4378 
4377 
4376 
4375 
4374 
4372 
4371 
4370 
4369 

43^^ 
43^>7 
436O 

4365 

4364 

43<i3 

4362 

4361 

4359; 

43  5^' 

4357! 

1 

20 
21 

22 
23 
24 
25 

26 

27 
28 
29 

30 
3' 
32 
33 
34 
35 

57 

38 

_  39 

40 

41 

42 

43 
44 

:^ 

47 
48 
49 

^: 

52 
53 
54 
55 
56 
57 
58 
59 
60 

5202 
5201 

5199 
5198 
5107 
5195 
5194 
5193 
5191 
5150 
51S9 
51S7 
5186 
5185 
5183 
51S2 
5181 

5179 
5178 
5177 

5175 
5^74 
5173 
5171 
5170 
5169 
5167 
5166 
5165 
S163 

5162 
5161 
5159 
5158 
5^57 
5155 
5154 
5153 
5152 

5150 
5149 
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^^^^ 

h  '|h  ' 

h  '|h  ' 

h  ^ 

h  * 

h  '  ( h  '  1  h  ' 

h  1 

s. 

1^  6' 

1=  7 

i^  8 

1*  9 

'  i**  10 

'i^ii 

'  J^  la 

'1^X3^1^  14 

1-15 

o 

43W 

4x92 

4i2? 

4164 

4102 

4040 

1979 

3919 

3B50 

3?C2 

374^  j6«S 

I 

4356 

4291 

4326 

4J63 

4101 

4039 

397« 

39i« 

3«S9 

3801 

Z:^.L>p$7 

» 

4355 

4S70 

4315 

4162 

4TC0 

4033 

3977 

3917 

3«5» 

,^c. 

j:43  3^S6 

3 

4354 

4^89 

4224 

4161 

407.9 

403; 

397^ 

39*7 

1^57 

379? 

J74i  3GSS 

4 

4353 

42  B7 

4123 

4160 

40^8 

4036 

3975 

J9J6 

3856 

379S 

3741 

3(184 

5 

*J.S^ 

4^H6 

^zzi 

4159 

4007 

4^3? 

3974 

'39i't 

3^^55 

3797 

374t> 

36K3 

6 

4351 

4.8  s 

4211 

41  ss 

4096 

4^34 

3973 

39H 

^^55 

3796 

37i9 

36«:> 

7 

4i4f> 

42  «4 

4220 

4157 

4^94 

4033 

397^ 

3913 

3854 

3795 

373K 

36^1 

S 

,4348 

42S3 

4219 

4156 

4033 

4032 

3971 

39J2 

3K53 

3794 

3737 

3^80 

: 

9 

4347 
4346 

41K2 
4281 

4aiS 
4117 

4J5F 
41 S4 

4091 

4^331 
4030 

3^7^ 
3969 

|9^ 
3910 

3«S^ 
385J, 

3^7_93 
379^ 

37jb 
3735 

3^7^; 

1678 

JO 

II 

454S 

4280 

4^  J  6 

41S3 

4090 

40119 

396J* 

39C9 

3KSt^^- 

379  f 

3734 

3&77 

IX 

4344 

4379 

4115 

4152 

40S9 

4018 

3967 

3508 

3849 

379  i 

3733 

3S77 

13 

4345 

4278 

4214 

4^51 

4oir« 

4017 

33^b 

3Q07 

3^41^ 

37^^o 

373i 

3fi7fi 

H 

434a 

4^77 

4213 

4150 

40^7 

4026 

3965 

3906 

3S47 

37«Q 

3731 

3675 

rs 

4341 

4170 

41 J^ 

4349 

4086 

4^3^  5 

J9H 

3905 

3M, 

37U 

3730 

3*^74 

i6 

4340 

4575 

4111 

4H7 

4^^5 

40Z4 

39^3 

3904 

3^45 

3787 

3719 

1^73 

17 

4339 

4:174 

4iio 

4  J  46 

40^4 

4013 

396^ 

29^^ 

3  ^'44 

37«6 

37^8 

3672 

'   18 

433^ 

4=73 

4205 

4145 

4ol!3 

4c  2i 

3961 

3902 

3H3 

37^5 

>7^7 

3671 

^9 

433t> 
4335 

427  J 
4^70 

42^7 

42C5f) 

4144 
4143 

4^^82 

4u8i 

4021 
4020 

3^feo 
3959 

3f5*j 
390c 

3S42 
3S41 

37^4 
37^3 

37afi 
37ZS 

3^70 
3669 

zo 

21 

4134 

4169 

4105 

4i4i 

4080 

4O19 

39SS 

^^9^ 

3^40, 

3?Sz 

37^5 

366S 

aa 

4313 

42ftii 

4^04 

4141 

4079 

401S 

3957 

3»9S 

3^J9 

37«^; 

j7H 

3667 

S3 

433^ 

42  S  7 

4203 

4140 

4078 

4017 

395^ 

3B97 

383S 

3780 

3725 

3^66 

24 

43  3  J 

4266 

4202 

4'39 

4^7^ 

4016 

3955 

3896 

3837 

3779 

3722 

366,- 

^s 

433° 

426.; 

,4X0  J 

4^3^ 

4076 

4015 

39S4 

3%^ 

3ll3f^ 

377K 

37iJ 

3664 

26 

43^^9 

4164 

4200 

4137 

4^75 

4014, 

39  51 

3S94 

Si^lS 

3777 

37^c^ 

36£3 

^7 

43^ii^ 

4^63 

4199 

4136 

4074 

4'^i$ 

395^ 

3893 

3^34 

37  7S 

3719 

3663 

aK 

43^7 

4262 

4198 

4>35 

4"73. 

4012 

3951 

3«9^ 

3«33 

3775 

37r« 

36(^2 

2^) 

432ij 

4261 

4/97 

41 14 

4072 

401J 

3^5^ 

3801 

3^32 

3774 

3717 

366J 

30 

43^5 

4160 

4196 

4^3,^ 

4"7J, 

4010 

3949 

3S90 

3S31 

3773 

37  J  ^ 

l^eei 

31 

43^5 

4^SS 

419^ 

413^ 

4^7D 

4009 

394  a 

38^9 

3^30 

377i 

3?M 

3^5^ 

3^ 

4322 

4^57 

4i?4 

413J 

4De<) 

4008 

3947 

5888 

3^30 

3771, 

3714 

1^58 

:ti 

433^' 

4256 

4^93 

4130 

406S 

^0- 

3946 

3% 

jiisB 

3770 

3713 

3637 

34 

43^^ 

4^55 

4191 

41-9 

4067 

40061 

3945 

3U6 

3S^27 

17*>J 

37^^, 

I3&S& 

3S 

4319 

4^U 

4190 

^i^% 

^otd 

4005 

3944 

m^ 

3^16 

37^^ 

37M 

3'^55 

36 

43J^ 

4^53 

4lHq 

4127 

^cG^ 

4004 

3943 

388^ 

J^S 

37^a 

37t^ 

'3fi^4 

37 

43^7. 

42^2 

41  bj^ 

4126 

4064 

4C03 

3?4^ 

3H81 

3HH 

37^7 

3700 

?rfif3 

3^ 

4316 

4151 

4187 

412^ 

406 1[ 

4.10a  1 

3941 

3SS2 

;»Z3 

3766 

370S 

;<5^2 

39 

43TS 

4250 

4rS6: 

4124 

4  =  t2 

4<iDi  1 

3740 

1S81 

■^Hii 

37^S 

37C.S 

^^51 

40 

4JJJ 

^:i 

418s 

4'2z 

4c6i 

4000 

3939 

3BS0 

3811 

37&4 

3707 

3650 

41 

433^ 

4184 

412J 

4060 

3?99 

m^ 

3^79 

3^30 

37^5 

3706 

jH9  I 

4^ 

43n 

4247, 

4183 

4I2P 

A^59 

3^J9« 

1917 

3M 

ltzo\ 

3762 

3705 

3649 

43 

4310 

4He 

41K2 

4119 

4C>57 

3997 

193^ 

3^77 

3^19 

37^1 

3704 

364S  ; 

,  44 

4309 

4^4^ 

41S1 

411^ 

4056 

^906 

3935 

3V6 

58jJ^ 

3760 

3703 

3^7 

45 

430I3 

4H4 

41S0 

4"  17 

4^-^^ 

399S, 

3934 

3875 

3«^7 

3759 

3702 

lM 

46 

4307 

4^4* 

4170 

4116 

4054 

3933 

3^33 

3S74 

3^126 

i?S^ 

I70i 

3^5 

4?  , 

43^^  (J 

4141 

4'7« 

4115 

4053 

399a 

393^ 

3H73 

i^^S 

37S7 

ntio 

3644 

4ii 

43"S 

4240 

4»77 

4U4 

4^52 

3991 

3^3* 

387^ 

3^14 

375^' 

3'J>C 

1643 

49 

43-4 
4S03 

4237 

4x76 

4i?S 

4113 
4111 

40  S^, 

3900 

3r,  ^Q 
S329 

3*f7r 
387c 

3«i3l 
38r. 

37^'s 
3754 

3'V 
3f^HT 

^O' 

iJ 

A30i 

4^r 

-^74 

41  rr 

4-4^; 

3^58 

}r-^ 

3869 

3Siii 

3753 

3696 

3ft40 

51 

43CCJ 

4^3^ 

4i7; 

411a 

404:^ 

3^37 

39*7 

3St^ 

j^IO 

375^ 

3695 

3^39 

53 

^zqg. 

4^1^ 

4J7-^ 

4JU0 

4^4; 

3985 

39^& 

^i!67 

3809 

375r 

3*94 

lb3?| 

54 

^z:\i 

42H 

41 7 1 

4J0S 

4Q4U 

35^5 

3^iS 

3B66 

3K0S 

37  SO 

3^.3 

3^17 

Si 

42.^6 

4^13 

4ifin 

4107 

4^4  T 

vAa 

35^4 

3^^S 

5^^7.37^ 

3652 

^f.3b 

V5 

4-^3^ 

4r6S; 

410S 

4<J44 

3;S3 

3/^3 

3864 

3««6 I  374^ 

3  60  J 

'.^35 

57 

4i^;s 

4^V 

4lt*7 

4ro^ 

4041 

3982 

3^2  2- 

386J 

3^05  3747 

^^'fti 

3f^35  , 

s=: 

4.af;4 

4^3  p 

4isrh 

4.C4 

+-4^ 

39!ii 

3921 

3861 

3^,374^ 

i6?>ri 

I'^S*  , 

5^  1 

4^f.3 

4^'^^ 

416^ 

4TO^  4c  4 1  '^■f^Q 

yno 

l^^i 

350^^^374^ 

3bhv 

3633 

6a    42^1^2,  f 

4iiS  41m 

4IL2  4040  397i  3J^S^I 

3^60 

3^c2;374s  3fiS8i 

3632 

0,1  2 
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s 

o 

I  1 

;i 

3 

4 

5 

6 

7 
S 

9 

3631 
3631 
3630 
3fi2n 
3^1^ 
3627 
3626 
3625 
36^4 
3613 

36x2 
3621 
3621 
5620 
361(3 
361K 
3627 
3^16 
jGis 
3614 

h  ' 

357* 
3575 
3574 
3  574 
1573 
357a 
3571 
3570 
3569 
3S6g 

35*6 
35*5 
15*4 
35*3 
35*3 
3562 

35^1 

35*0 
3559 
3558 
3557 
355^ 
3555 
355? 
3554 
3553 
^S5^ 
3S5I 
1550 

3549 
3  54« 
3547 
3546 
3  545 
3544 
,3544 
3  543 
354^ 
3  54' 
3540 
3  53^ 
3538 
3537 
353^ 
3515 
3534 
3533 
3533 
3  53^ 
3531 
353*= 
35^9 
35*S 

35^7 

,  35^6 
3515 

!  ^S^S 
3P4 

35^1 

35=1 
3520 

35'^ 
35'* 

35^7 
351* 
35tS 

3514 
3iH 

3513 
351^ 
35^' 
3510 

3S<^9 
3SoS 
35^7 
3506 
3506 
lSf>5 
1504 
3503 
3502 
35ai 
3500 

3499 
3493 

3497 
3496 

349  5 

349S 
H94 
3493 

349* 
34gi 

349t> 
34^9 

34S7 
34S7 
34^6 
34-^5 
3484 
3483 
34«i 
34S1 
3480 

3479 
3479 

347  S 

'3477 
3476 
3475 
3474 
1471 

■  U72- 
347  T 
147' 
3470 

34f^8 

h  ' 

34fi8 

346* 
34«S 
34*4 
34*3 
3463 

14*^ 
3461 
3460 

3459 
545S 
3457 
34SO 

34Si 
34H 
34S4 
1453 
345^ 
345* 
3450 
3449 
3448 
3447 
344G 

3445 
3445 
3444 
3443 
344* 

344' 
344^ 
3439 
343S 
343a 
3437 
3436 
3435 
3434' 
3433 
3431 
343J 
343* 
343° 
3429 
342S 

34i7 
34l6 

3415 
3424 

3433 

343^3 

3421 
34io 

'34  JO 
341B 

3417 
3416 
34*^ 

341s 

h  ' 

34^5 
34H 
3411 
34(1 
34JJ 
3410 

34°9 

340H 
3407 
3407 

3406, 

S4<^5 

3404 

3*03: 
3402! 
34^T 
34^0 
3400 
3399, 
339g 
"3397 
339* 
3395 
3394 
3393 
3393 
335* 
319' 
3390 
33S9 

33^8 
33*7 
I3H6 

33SS 
33as 
33S4 
3383 
33S2 

3381 
33^0 

3379 

3578 
3378 
3377 
337& 
3375 
3174 
1373 
3172 

Hli 

3371 
3370 
13*9 
3368 
3367 
1365 
3^*5 

33^4 
33^3 
33^i 

h  ' 

3361 
33*1 
336.5 
3359 
13S8 
33S8 
3357 
335* 
3355 
1354 

J353 
315* 

335^ 
335' 
3350 
3349 
334S 
3347 
3346 

3145 
3344 
3344 
3343 
3341 
334' 
334° 
3339 
333| 
333R 
3337 

333<^ 
333S 
3334 
3333 
333' 
333' 
333^ 
3330 
3329 
33^ 

■33*7 
3316 

33*5 
3325 
33^4 
33^3 
33^2 

lilt 

3320 

^3J9 

33'ft 
3318 
33t7 
33'^ 
33*5 
33»4 
3313 
3313 
3311 
13M 
3310 

h   * 
1014' 

3310 
33=^9, 
3jo3: 

3307 
330* 
3306 

3305 
33^4 
33^3 
332? 
3301 
330c 
3300 
3*99 
329S 
3*97 
3x96 
3295 
3^94 
3*94 

3*93 
3^92 

3*9  T 
3290 

3tB« 
3287 

3^S7 
3186 

3*«5 

32B4 
32S3 
3*82 
3^Si 
32S1 
31S0. 

3*73 
3273 

3*77 
327S 
3176 
3*75 
3*74 
1*71 
3*7^ 
3271 
3*70 
3270 
3269 
316S 
3267 
3266 
,316^ 
1*64 
3**4 
3263 
3262 

5260 

1*59 
3*^9 

h  i    ; 

3^59* 
32SS 
3^57 
3*56 
l^SS 
3*54 
3»53 
3*S3 
3^51 

3^51 
liSo 
3*49 
3*43 
3247 

3H7 
3*4* 
3245 

3144 
3*41' 
3*4* 

3*4  i 
3*4' 
324c 

3^39 
3*33 
3*37 
3236 

313* 
1*35 
3134' 

1^33 
3232 

3*3' 
3M" 

3*3^: 

3**9 
3*23 

3^*7 
3226 

3**5 
3215 
3124 

3^*3 
3222 

32iT 
3220 
3219 
3119 
311s 
3*17 
3*16 
3*15 
3114 

3*'4 
3*13 
3212 

3211 

321C 
^209 
3^00 

33ca 

h ' 

3203 

3207 

33q6 

3^05 
3204 
3203 
3203 

32&2 
3*^T 

3200 

3^ 
319S 
3ig3 

33f97 
3196 

3'95 
3194 

3>93 
3193 

11^ 
3191 
3'9n 

3f8S 
31B3 

3187 
31BG 
3185' 

3184 
3183 

3183 
31S1 
3181 
3180 
3179 
3178 
3^7» 
3177 
3176 

3'75 

3'74 
3'73 
3*73 

3'7* 
3171 

3170 

3'^8 

ijr>7 

3ifi6 

3164 
3163 

3i^>3 
31^3 

libp 
U59 
3158 

3138 

^  '   1 

1158 
1'S7 
315* 
1^55 
3154 
3'S1 
3»53 
3'S^ 
3'Si 
3150 

3149 
314S 
3hS 
3^47 
3146 

3'4S 
3M4 
3143 

3'43 
3  Hi 
3HI 
3140 
3'39 
313S 
313a 
3t37 
3136 

313s 
3134 
3133 

3133 
31 3^ 
3'3i 
3130 
3129 
3J28 
3128 

31*7 
3126 

3ia.5 

m 

3123 

3123 
31^1 
3I2O 
3139 
3119 

3uS 
3117 
'3ijf) 
31JS 
3114 
3114 
3J13 
3112 
i  3111 

3TIC 

;'3I09 
3iu(i 

310S 

h  ' 

h  ' 
i**9l 

3108 
3107 
3106 

3105 
3i<i4 
3103 
3101 
3101 
3101 
3100 
3099 

3^9^ 
3097 
3096 
309G 

3<=9S 
3094 
3093 
3092 

3091 
3C91 
3o?>c 
3089 
30SS' 
30S7 
3086 
30S6 
3^85 
30S4 

3083 
3cS^ 
308J 
3081 
3080 
307  r; 

3078 
307B 
3077 
307* 

307^ 

3074 
3073 
3073 

307* 
3071 

307c 

3o6f> 
3q6c 
306E 
3067 
3o6fi 
3^*5 
3cf4 
3064 
3063 
3062 
3061 
3060 
306c 

3^ 

3-^59 

3058  ' 

3°57 
3056 
3056 

3055  i 
3°  54' 
3^53 
3052 

3^5i' 

305^! 
3050 

3049,! 
3048 

30471 
3<^47 
3046, 

3^45 ; 

3044 
3t^41 

3043 
3042 
3041 
3040 
3039 
3'^3S 
3'^38 
3037 
3036 
303  s 

3034 
3°34 

3033 
3C32 
3031 

3030 
3030 

3019 

:  302l> 
3027 

3026 

3Gi& 

302  J 
3024 

3Ci3, 
3022 
3Q12 
3021 
301D 
3019 
30  J  8 
30  iS 

3016 

3014 

J013 
3011 

to 
II 

>3 
'4 

J6 
17 
iS 

19 

20 
21 

21 

*3 

24 

25 

t6 

^7 
2S 

2? 

1^13 
3612 
3611 

3610 
3610 

360ft 

3607 
3606 
3605 

3^04 

?eo3 
3601 
3  60  J 

3600 
359;; 

3S9S 

3597 
359^ 

3?afi 

35'>^S 
3  594 
3^-^S 
3SU2 

3590 
358^ 
3SSS 

35S7 

35S6 

35^5 
35^5 
3584 
35S3 

351^^ 
35^1 
35^^ 

3573 

1^77 
357^ 

30 

3" 

31 

33 
34 

li 
11 

.  40 

4' 
4^ 
41 
44 

'  47 
4« 
4q 

ii  5° 

51 

.  ,  53 
54 

^^ 

59 
"60 

3sfe 
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lO 

II . 

21 

'3 

14 

IS 
16 

17 
iS 

19 


2Q 

22 
23 
»4 
2? 
26 

27 
28 
29 


50 
51 

5» 
53 
54 
55 
56 
57 
58 

J2- 
60 


1**  30'  1031 


301c 
3009 
3009 

300S 
3007 
3006 
3005 
3005 
5004 
3003 


3001 
3poi 
3001 
3000 
2999 
2998 
2997 

^997 
2996 
2995 


2994 
2993 
2993 
2992 
2991 
2990 
2989 
2980 
2988 
29^ 

3986 
2985 
2985 
2984 
2983 
2982 
2981 
2981 
2980 
2979 


2978 

*977 
2977 
2976 
»975 
*974 
2973 
2973 
2972 
2971 


2970 
2969 
2969 
2968 
2967 
2966 
2965 
2965 
2964 
2Q63 

2962 


2962 
2961 
296J 
2960 
2959 
2958 
2958 
2957 
2956 

^9'>5 


2954 
2954 
2953 
2952 
2951 
2950 
295c 
2949 
2948 
2047 


2946 
2946 

^945 
2944 

*943 
2942 
2942 
2941 
2940 
^939 


2939 

2938 

2937 
2936 

»935 
2934 

»934 
»933 
2932 
2931 


2931 
2930 
2929 
2928 
2927 
2927 
2926 
2925 
2924 
2923 


2923 
2922 
2921 
2920 
2920 

2918 
2917 
2916 
2916 


h  ' 

X915 
2914 
S913 
2912 
2922 
2911 
2910 
29C9 
2  90S 
2008 


2906 
29Q5 
2905 
2904 
2903 
2902 
2901 
2901 
2900 


2S99 
2898 
2898 
2897 
2896 
2895 
2894 
2894 
2893 
2892 


2891 
2890 
2890 
2889 
28S8 
2887 
2887 
2886 
2885 
2884 


2883 
2883 
28X2 
28S1 
2880 
2880 
2879 
2878 
2877 
2876 
2876 

2875 
2874 

ZS73 
2873 
2872 
2871 
2870 
2869 
2S69 

2868 


h  ' 
1^3^ 


2868 
2867 
2866 
2866 
2865 
2864 
2863 
2S62 
2  852 
2861 


2S6C 
2859 
2859 
2S5S 
2857 
2856 
285s 
2855 
2854 
2853 


2852 
2852 
2851 
2850 
2849 
2848 
2848 
2847 
2846 
2845 


2845 
2844 
2843 
2842 
2841 
2841 
2840 
2839 
2838 
2838 


2837 
2836 
2835 
2834 
2834 

*833 
2832 
2831 
2831 

28 -,o 


2829 
2828 
2828 
2X27 
2826 
2825 
282^ 
2824 
2S23 
[2822 

2S2J 


h  ' 
1034' 


2821 
2821 
2820 
2S19 
2818 
2S18 
2817 
23i6 
2S15 
2815 
2814 
28,3 
2812 
2811 
20 II 
2810 
2809 
280B 
2808 
2807 

2S06 
2805 
2804 
2804 
2803 
2802 
2801 
280^ 
2800 
2799 


2798 
2798 

^797 
2796 

^795 

2795 
2794 

^793 
2792 
2792 


2791 
2790 

2789 
2788 
2788 
2787 
2786 
2785 
2785 
27?4 


2783 
2782 
2782 
2781 
2780 
2779 
277S 
2778 
2777 
2776 

^775 


h 
1*^35' 


»775 
4775 
2774 


h 
i'36' 


2730 

2729 
2728 


2773 j 2728 

277212727 


2772, 
2771 
2770 
2769 
;2769 


2768 
2767 
J766 
2766 
2765 
2764 
2763 
2762 
2762 
27^1 

2760 
2760 

»759 
2758 
2757 
2756 
2756 
^755 
»754 
*753 


^753 
2752 
2751 
2750 
275c 

2749 
2748 

i747 
»747 
2746 


^745 
2744 

2744 

*743 
2742 
2741 
2741 
2740 

2739 
2738 


2737 
2737 
2736 

^735 
2735 
1734 

2733 
2732 

2731 
2731 


2726 
2725 

272i 
2724 
2723 
2722 
2722 
2721 
2720 
2719 
2719 
2718 
2717 
2716 
2716 


2715 
2714 
2713 
1713 
2712 
2711 
2710 
2710 
2709 
2708 


2707 
2707 
2706 
2705 
2704 
2704 
2703 
2702 
2701 
2701 


2600 
2690 
2698 
2698 
2697 
2696 
2695 

26vj5 
2694 
2693 

2692 
2692 
2691 

26r.O 
2689 
26S9 
26S8 
26S7 
2686 
2686 


2730] 2085 


h  ' 
1037' 


Z685 
2684 
2683 
2683 
2682 
2681 
26iJl 

i68o 
2679 
2678 


2678 
2677 
2676 
2675 
2675 
2674 
2673 
2672 
2672 
2671 


2670 
2669 
2669 
2668 
2667 
2666 
2666 
2665 
2664 
2663 


2663 
2662 
2661 
2660 
2660 
2659 
2658 


h  ' 
1^38' 


2640 
2640 
2639 
2638 
2637 
2637 
2636 
263s 
2634 
2634 


2633 
2632 
2632 
2631 
2630 
2629 
2629 
2628 
2627 
2626 

icle 
2625 
2624 
2623 
2623 
2622 
2621 
2621 
2620 
2619 


2618 
2618 
2617 
2616 
2615 
2615 
2614 


2657 ! 2613 
2657  I  2612 
2656  I  2612 
2655  2611 


2654 
2654 
2653 
2652 
2652 
2651 
2650 
2649 
2649 


2610 
2610 
2600 
2608 
2607 
2607 

26r,6 
2605 
160A 


2648 12604 
2647  I  2603 

zC^C  j  2602 
2646  I  2601 
2645  2601 
2644  2^00 
2643,2599 
2643  2599 


2642 

2641 


2598 

2597 


2640  2596 


h    ' 

i''39' 

2596 

2596 

^595 

2554 

2593 

25V3 

2592. 

2-J91 

2590 

2500 

252^ 

2588 

2«;88 

2587 

2586 

2s8^ 

2585 

25i?4 

^5«3 

2582 

25S2 

2501 

2580 

2580 

2579 

2576 

2577 

2577 

2576 

^575 

2574 

^574 

^573 

2572 

2572 

2571 

2570 

2569 

2569 

256S 

2567 

2s66 

2^66 

256s 

2564 

2«;C4 

2sfc3 

2562 

2';6i 

2s6i 

2560 

a$S9 

255S 

2558 

2SS7 

255^' 

25s6 

2';«;s 

2554 

^553 

^553 

-40 


^553 
^55* 
2551 

255 
255c 

»549 
2548 

2548 

^547 
2546 


h  ' 
1041 


2510 
2509 
2508 

2507 
2507 
2506 
2505 
2504 
2504 
2503 


*54S 

^545 
2544 

2543 
*543 

'.p^2 

2541 
2540 
2540 

iil2 

2538  2495 
2538 

^537 
2536 

2535 
2535 


2502 
2502 
2501 
2500 
2499 
2499 
2498 

^477 
2497 
2496 


2494 
2494 

2493 
2492 
2492 
253412491 


^533 
2532 
^532 


i53» 
2530 
2530 

2«?29 
2528 
2527 

2527 
2526 
2525 
2^25 


2490 
2489 
2489 


2488 
2487 
2487 
2486 
2485 
24S4 
2484 
2483 
2482 
2482 


2481 
2480 
2480 
2479 
2478 
2477 
2477 
^76, 
2475 


2524 

2523 
2522 
2522 
2521 
2520 
2520 

25-' 
25, 

^5<  71 2474! 
517  2474! 


2516 
2515 
2514 
2.514 

^513 
2512 
2512 
2511 
2510 
2510 


H73; 
2472 
2472 
2471 
247c 
2470 
2469 
2468 
2467 

2467 
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h  '  li  '  1 

li  '  :  h  ' 

h  '  1  h  '  •  h  ' 

h  ' 

h  ' 

h   ' 

h  ' 

h  ' 

s 

l''42' 

2467 

1^43' 

2.24 

'%4V^45' 
23X2I2341 

1*^46' 

2300 

1^47' 
2259 

,-48' 
2218 

1^49 

3178 

i«»5o' 
2139 

1-51' 
2099 

I«S2' 

2061 

i°53' 

2022 

c 

I 

2460 

2.}  24 

2382:2340 

22-^9 

2258 

221S 

217S 

2138 

2099 

2060 

202 1' 

a 

24<is 

242  s 

25Si'2339 

22^8 

2257 

2217 

2177 

2137 

2098 

2059 

2021! 

3 

24^5 

2422 

23^.2339 

22c;8 

2257 

2216 

2170 

2137 

2098 

2050 

2C20' 

4 

Z404 

2;21 

23^J  2330 

2297 

2256 

2216 

2176 

2136 

2097 

205S 

2019 

5 

-M^3 

2421 

237>  *337 

22./.. 

2255 

2215 

2175 

2135 

2096 

2057 

2019' 

6 

246:: 

2420 

:f3-^  233: 

2296 

2255 

2^14 

2174 

2135 

2096 

2057 

2018! 

T 

2462 

2419 

2378  2 i30 

22>5 

2254 

2.'14 

2174 

2134 

2095 

2036 

2C17 

S 

:4fi: 

2419 

1377^335 

2294 

2.53 

2213 

2173 

2133 

2094 

2C55 

2017; 

9 

.4.ic  2 4./, 

2.:7t:.2^55 

2375^334 

2294 
2293 

2^-53 
2252 

2212 
2212 

2172 
2172 

2133 

2132 

20.;4 
2093 

2055 

2016, 
201 6j 

ic 

2;,':o 

'^4^7 

2054 

11 

I'M'i 

2417 

237512333 

2292 

2251 

2211 

2171 

2132 

2092 

2053 

2015I 

12 

245^ 

241C 

2374U333 

2291 

2251 

2210 

2170 

2131 

2092 

2053 

2014 

?3 

2457 

241S 

2373 1 2332 

2291 

2250 

2210 

2170 

2130 

2091 

2052 

2014 

'4 

2457 

2414 

2373I2331 

2290 

2249 

2209 

2169 

2130 

2090- 

2051 

2013 

15 

2456 

2414 

2372I2331 

2289 

2249 

2208 

2.1(h) 

2129 

2090 

2051 

20I2 

.   16 

^455 

2413 

2371:2330 

2289 

2248 

2208 

2168 

2128 

2089 

2050 

2012 

17 

i455 

2412 

2371:2329 

2288 

2247 

2207 

2167 

2128 

2088 

2050 

201 1 

iS 

^454 

2412 

2370  2328 

2287 

2247 

2206 

2167 

2127 

2088 

2049 

2010 

19 

24g2 

241X 
2410 

236912328 

2366'2327 

2287 
2286 

2.246 

2245 

2206 
2205 

2166 
2,65 

2126 
2126 

2087 
2086 

2048 
2048 

2010; 
2OC9J 

20 

21 

2432 

2410 

236812^26 

2285 

2245 

22C4 

2165 

2125 

2086 

2047 

20091 

t2 

2451 

2409 

2367  2326 

2285 

2244 

2204 

2164 

2124 

2085 

2046 

2GoSl 

*3 

2450 

2408 

2366  2325 

2284 

2243 

2203 

2163 

2124 

2084 

2046 

2C07 

24 

2450 

2408 

2366 

2324 

2283 

2243 

2202 

2163 

2J23 

2084 

204s 

2007 

*5 

2449 

2407 

236s 

2324 

2283 

2242 

2Z02 

2162 

2122 

2083 

2044 

2006 

26 

244S 

2406 

2364 

2323 

1282 

2241, 

2201 

2161 

2122 

2083 

2044 

2005 

27 

244S 

2405 

2364 

2322 

2281 

2241 

2200 

2161 

2121 

2082 

2043 

2005 

2S 

^447 

2401; 

23^3 

2322 

Z281. 

2240 

2200 

2160 

2120 

2081, 

2042 

2004 

29 

2446 
244s 

2404 
2403 

2362 
2362 

2321 
2320 

2280 
2279 

2239 
2239 

2199 
2198 

2159 
2159 

!i58 

2120 
2II9 

2081, 
2080 

2042 

2004 
2003 

2C4I 

S^ 

3^ 

2445 

^4'^3 

2361  2319 

2279 

2238 

2198 

2118 

2079 

2041 

2002 

32 

2444 

2402 

2360  2319 

2278 

2237 

2197 

2157 

2118 

2079 

2040 

2001 

33 

2443 

2.:iOi 

2359  2318 

2277 

2237 

2196 

2157 

2117 

2078 

2C39 

2CCI 

34 

-443 

2^CC 

2359  2317 

2276 

2236 

2196 

2156 

2116 

2077 

2039 

2COO 

35 

2442 

2400 

2358  2317 

2270, 

2235 

•  195 

2155 

2116 

2C77 
2076 

2038 

2000: 

S6 

2441 

2309 

2357,2316 

2275 

2235 

2194 

2155 

2115 

2037 

I999I 

37 

i440 

2398 

235?}23i5 

2274. 

2234 

2194 

2154 

2114 

2075 

2037 

1998. 

38 

2440 

--398 

235617315 

2274 

2233 

2193 

2153 

2114 

2075 

2036 

1998 

40 

2431 
24^8 

2397 
2376 

235s '2314 

2273 
2272 

2232 

2192  2153 

2113 
2113 

2074 
2073 

2035 
2035 

1997 

2355 

2313 

2192 

2152 

1996 

4* 

2418 

2396 

2354 

2313 

2272 

2231 

2191 

2151 

2112 

2073 

2034 

I99C 

42 

24^7 

239s 

2353 

2312 

2271 

2231 

2IOO 

2151 

21II 

2072 

2033 

1995 

43 

2436 

2394 

2353 

2311 

2270 

2230 

2190 

2150 

2I1T 

2071 

2033 

1994 

44 

2436 

2394 

2352 

2311 

2270 

2229 

2189 

2149 

2110 

2071 

2032 

1994 

45 

-435  '^ry3 

2351 

2310 

2269 

2229 

2i88 

214Q 

2109 

207-0 

2032 

X993 

46 

-434 

23-2 

-3  5'^ 

25C9 

2268 

2228 

2188 

2148 

210(; 

2070 
2069 
2068 

2031 

1993 

47 

2433 

2391 

2350 

2308 

2268 

2227 

2187 

2147 

2ICS 

2050 

1992. 

4S 

-433 

23.-;! 

2349 

2308 

2267 

2227 

2IS6 

2147 

2107 

2030 

1991! 

|_49_ 
51 

2432 
2431 
2431 

2  3«;o 

-^3-5 
2380 

2348 

2348 
■'-3^7 

23C7 
2306 
2506 

27.66 

2266 

2265 

2226 
2225 
2225 

2186 

2IS5 
2184 

2141) 
2,45 

2U5 

210; 
2106 
2105 

2068 
2067 
io66 

2029 

2028 
2028 

J99ii 

1990; 
198;: 

52 

2430 

238.^ 

2346 

2305 

2264 

2224 

2184  2144 

2105 

2066 
2065 
2064 
2064 
2063 
2062 

2027 

I98{,' 

53 

2429 

23S7 

2346 

2304 

2264 

2223 

2183:2143 

2IC4 

2026 
2026 

19S8 
19S7 

54 

242Q 

23S7 

2345 

2304 

2263 

2223 

2182 1 2143 

2103 

55 

2428 

2386 

2344 

2303 

2262 

2222 

218212142 

2103 

2025 

1987 
1986 
1986 

S6 

2427 

238*; 

2344 

2302 

2262 

2221 

2181 i  2I4I 

210^ 

2024 

57 

2426 

238.; 

23J3 

2302 

2261 

2220 

21S0 ! 2141 

2IOI 

2024 

<;» 

2426 

23«4 

2342 

23^1 

22GC 

2220 

2 1  So: 2140 

2ICI 

2062 
2c6i 

1023 

1985 
1984 

59 

2425 

2383 

23^1 ' 2300 

2260 

22  K) 

2179:2139 

2  100 

2023 

60 

2424 

2382 

2541  2300 

2259 

221S 

2178(2139  l2O99'200UiiO21  '  195411 
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s. 

1^54' 

h  ' 
i'55' 

li  ' 
1056' 

h  ' 
1-5/ 

1871 
1870 
187c 
i86> 
1868 
1868 
1807 
1867 
1866 
1865 

1865 
1864 
1863 
1863 
1862 
1862 
1861 
i86c 
i860 
^85-., 

185S 
1S58 
1857 
1857 
1856 
185,- 
i8';5 
1S54 

1853 

1*58' 

•1834 
1833 

1833 
1832 
1S31 
1831 

1830 
1830 
13^9 
1S28 

1828 
1827 
1827 
1826 
1825 
1825 
1824 
1823 
1823 
1822 

1822 
1821 
1820 
1820 
1819 
1819 
1818 
1S17 
i8t7 
181C 
78 1"  ^ 
i8i«; 
1814 
181/. 
1813 
1812 
1812 
1811 
1811 
1810 

n  ' 
1-59' 

h  ' 

2^  0' 

11  ' 

2^  I' 

x^; 

20  3' 

20  4' 

o 
I 

2 

3 
4 
5 
6 

7 
8 

9 

1984 
19S3 
1982 
1982 
1981 
1980 
1980 
1979 
i>79 
1978 

1946 

1945 
1944 
1944 
1943 
1943 
1942 
1941 
1941 
1940 

190S 
1907 
J907 
1906 
1906 
1905 
1904 
1904 
1903 
1903 

1902 

IQOI 
1901 
1900 
1899 
1899 
1898 
.1898 
1897 
1896 

1797 
'797 
1796 

1795 
1795 
1794 
1794 
1793 

179  a 
1792 

1791 
1791 

1790 
1789 
1789 
1788 

1787 
1787 
1786 
1786 

I761 

1760 
1760 

'759 

1758 
'757 
1757 
1756 

17^5 

'755 
'754 
'754 
1753 
1752 
1752 
1751 
1751 
1750 
1749 

1725 
1724 
1724 
1723 
1722 
1722 
I721 
1721 
1720 

J7'_9 
17IC 
1718 
1718 

I7'7 
1716 
1716 
'715 
1715 
'7'4 
1713 

1689 
168. 
1688 
1687 

it)87 
1686 
1686 
1685 
1684 
1684 

1654 
1653 
1652 
1652 
1651 
1651 
1650 
1650 
1649 
1648 

1619 
1618 
1617 
1617 
1616 
1616 
16,5 
16,4 
X614 
.613 
1613 
1612 
1612 
16x1 
i6io 
1610 

1609 

1609 
i6o3 
1607 

1607 
1606 
1606 
1605 

.604 
1603 

1603 

ll>02 
l602 

lO 

II 

12 

H 

16 

17 
18 

>9 

i;,77 
1977 
1976 

1975 
1975 
1974 
1973 
1973 
1972 
1972 

1939 
1939 
1938 
1938 
1937 
1936 
1936 
1935 
1934 
1934 

I*?  3-3 
1933 
1932 
1931 
1931 
19SC 
1929 
1929 
1928 
1927 

1927 
192D 
1926 
1925 
1924 
1924 
J923 
1922 
1922 
1921 

1683 
1683 
1682 
1681 
1681 
1680 
1680 
1C79 
1678 
1678 

1677 
1677 
1676 
1675 

'O75 
1674 
1674 
1673 
1673 
1672 

1671 
1671 
1670 
1670 
1669 
1668 
1668 
1667 
1667 
1666 

1648 
1647 
1647 
1646 
1645 
1645 
1644 
1644 
1643 
1642 

1642 
1 641 
1641 
1640 
1640 
1639 
1633 
1638 
1637 
1637 

20 
21 
22 
23 
*4 
*5 
26 
27 
28 

1971 
1970 
1970 
1969 
1968 
1968 
1967 
1967 
1966 
1965 

1806 
1895 
1894 
1804 
1853 
1893 
1892 
1891 
1891 
1890 
l8;''n 
l8>?9 
1888 
i?88 
1887 
1S86 
1886 
1885 
1884 
1884 

1883 
1883 
1882 
1881 
1881 
1880 
1879 
1879 
1878 
1878 

1877 
1876 
1876 

1875 
1875 
1874 
1873 
1873 
1872 
1871 

178s 
1785 
1784 
1783 
1783 
1782 
1781 
1731 
1780 
17S0 

1779 
1773 
1778 

1777 
1777 
1776 
1775 
1775 
J  774 
1774 

'773 
1772 
1772 
1771 
1771 
177c 
1769 
1760 
1768 
1768 

1767 
1766 
1766 

J765 
17C; 
1764 
1763 
1763 
1762 
1761 
176; 

'749 
1748 
1748 

'747 
1746 
174C 
»745 
1745 
'744 
1743 

1713 
1712 
1712 
1711 
1711 
1710 
1709 
1709 
1708 
17GS 

30 
31 
32 

33 
34 

35 
36 

37 

38 

.  39 

1965 
1904 
1963 
1963 
1962 
1961 
1961 
196c 
i960 
^959 

i>:52 
1S52 
1S51 
1850 

i.-'J<;o 
1849 
1849 
1S48 
1847 
_i847 
1846 
1846 
1845 
1844 
1844 
1843 
1842 
1843 
1841 
1841 

1840 
1839 
1839 
1838 
1838 
1837 
1836 
1836 
183^ 
1834 

'743 
1742 
1742 
1741 
1740 
174c 
'739 
'739 
1738 
'737 

170; 
170*3 
1706 
1705 

'705 
1704 
1703 
1703 
1702 
1702 

1636 
'635 

l'634 
'634 
1633 
1633 
1632 
1631 
1631 

i6ci 
1600 
1600 
'599 
'599 
1598 
159S 
'597 
1596 
1596 

40 
41 
4a 
43 
44 
45 
46 

47 
48 

49 

1958 
1958 

1957 
1956 
1956 

1955 
1955 
1954 
»953 
1953 
1952 

1951 
1951 
195c 
1950 
1949 
1948 
1948 

1947 
1946 

1946 

1921 
1920 
1919 
1919 
1918 
1918 
1917 
1916 
1916 
1915 

1809 
1800 
1808 
1808 
1807 
1806 
1806 
1805 
1805 
1804 

T803 
1803 
1802 
1801 
1801 
1800 
1800 
1799 
1798 
1798 

'737 
1736 
1736 
'73S 
'734 
'734 
'733 
'733 
1732 
1731 

1731 
1730 
1730 
1720 
1728 
1728 
1727 
1727 
1726 
1725 
1725 

1701 
1700 
1700 
1699 
1699 
1698 
1697 
1697 
1696 
1696 

1665 
1665 
1664 
1664 
166-.. 
1663 
1662 
1661 
1661 
1660 

1630 
1630 
162Q 
162S 
1628 
1627 
1627 
1626 
1626 
1625 

1624 
1624 
162^ 
1623 
1622 
1621 
162; 
162c 
162c 

l6!r 

i6i( 

'595 
'595 

'594 
'593 
'593 
1502 
1592 
1 59 1 
1591 
1590 

50 
51 
5* 
53 
54 

'si 

59 
60 

1914 
1914 
1913 
1912 
1912 
1911 
1911 
1910 
1909 
1909 

1908 

1695 
i6;4 
1694 
1693 
1693 
1692 
,6;  I 

IC9I 
1690 

1689 

1C60 
1659 
i6<;S 
1658 
1657 
1657 

i65{; 

1655 

10^4 
"^54 

1589 
1589 
1588 
158S 

1587 
1586 
1586 
1585 
,.85 

I'M 
1584 

1871 

1834 

1797 
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s. 

10  S' 

h  ' 
2-6' 

h      ' 
2''  7' 

h  ' 
2^  8' 

h  ' 
209' 

h  ' 
z^  10' 

h  ' 
2^  IX' 

h  ' 

2^12' 

h   ' 
20,3' 

I3I4 
1314 
1313 
1313 
I3I2 
I3II 
I3II 
1310 
1310 

_i309 

1309 
1308 
130S 

J  307 
1307 
I3c^ 
1305 

'3^5 
1304 
1304 

2O14' 

2-15' 

o 
1 
% 
3 

4 

1 

7 
8 

9 

1584 
1583 
1582 
1582 
1581 
1581 
1580 
1580 
»579 
1578 

1549 
1548 

*i548 
1547 
1547 
1546 
1546 
'545 
«544 
1544 

'5'5 
1514 
1514 

15'3 

1512 
1512 
1511 
1511 

1510 
1510 

148 1 

1480 
1479 
'479 
1478 
1478 
'477 
'477 
1476 
1476 

1447 
1446 
1446 
»445 
'445 
'^44 
'443 
'443 
1442 

'44* 

'44' 
144 1 
144c 

1440 
'439 
1438 
1438 
'437 
'437 
1436 

1436 
1435 
'434 
1434 
1433 
'433 
'43* 
'43* 
'43' 
'43' 

1413 
14T3 
1412 
J412 
1411 
141C 
1410 
1409 
1409 
1408 

1408 
1407 
1407 
1406 
1405 
1405 
1404 
1404 

1403 
1403 

1380 
'379 
1379 
1378 
1378 
'377 
1377 
1376 
1376 
'375 
'374 
'374 
'373 
'373 
'37* 
1372 

'37' 
1371 
1370 
1369 

'347 
1346 
1346 
'34^ 
'345 
'344 
'344 
'343 
'343 
'34* 

1282 
1281 

1281 
1280 
1279 
1279 
1278 
1278 

^*77 
1277 

1276 
1276 
1*75 
1*75 
1274 
1274 
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2.5451I 
54642 
54765 
5488S 
55011 
55133 
55255 
55376 
55497 
55618 

2.55671 
55811 

55931 
560^0 
56170 
56289 
56407 
56526 
56644 
56761 

2.55703 
55823 

llltl 
56182 
56301 
56419 
56538 
56656 
56773 

2-55727 
55847 
55967 
56086 
56205 
56324 

56443 
56561 
56679 
567q7 

2-55739 
55859 
55979 
56058 
56117 
56336 
56455 
56573 
56691 

56808! 

370 
371 
372 
373 
374 
375 
376 
377 
378 
37r 

2.5682U 
56937 
57054 
57171 
57287 

57403 
57519 
57634 
5774<v 
57864 

1.56832 

56949 
57C66 
57183 
57299 
57415 
57530 
57646 
57761 
57875 

2.56844 
56961 
57078 
57194 
57310 
57426 
57542 
57657 
57772 
C78S7 

2.56855 
56972 
57089 
i;72o6 

57322 

57438 

57553 
^7669 

57784 
57898 

2.56867 

56984 
57101 

57217 

57334 
57449 
57565 
57680 

57795 
5701c 

2.56^7:. 
56996 

57113 
.  57229 

57345 
57461 

57576 
57692 
57807 
57921 

2.56891 
57008 
57124 
57241 
573S7 
57473 
5758S 

57703 
57818 

.    57933 

2*56902 
57019 
57136 
5725* 
57368 

57484 
5760c 

57715 
57830 

57i;44 

1.56914 

57031 

57148 
57264 
57380 
57496 
57611 
57726 
57841 
5795^ 

2.5691$ 
57^43 
57159 
57276 

■  57392 
57507 
57623 
57738 
57852 
57967! 

38c 
381 
382 
383 

SI 

387 
388 
38^ 

2. 57978 
5S092 
58206 
58320 

58433 
58546 
58659 
58771 
58883 

58995 

2.5799^ 
58104 

58- 1  s: 
583?-. 
58444 

C8670 

58782 

58894 

.  59006 

2. sSooi 

58115 

58229 

58343 
;8455 
5856Q 
586S1 

38794 
5  89c  6 
;9Ci7 

2.58013 
58127 
58240 

58354 
58467 
58580 
58b92 
5880; 

58917 
59028 

2.58024 

58138 
58252 

58365 
58478 
58591 

58704 
58816 
58928 
59040 

2.58035 
58149 
58263 
58377 
58490 
58602 

58827 

5893') 
590^1 

2.58047 
c8i6i 
'«;8274 
5838S 
58^01 
58614 
58726 
58838 
58950 
59062 

a.  .58058 
58172 
58286 

58399 

5o5" 

58625 

58737 
5^850 

58961 
59073 

1.58070 
58184 
58297 
58410 
58^24 
58636 

58749 
58861 

58973 
59084 

2.58081 
5819s 

58760 

S«87»' 
58984' 
59095: 

39c 
391 
392 

393 
394 
395 
396 
397 
398 
399 

2.59106 
59218 
593*9 
59439 
59550 
5966c 

59770 
59879 
50988 
60C07 

2.59118 
59229 
59340 
59450 
59561 
59671 
59780 
59890 

c:;09o 

6cioS 

2.«;9i29 
59240 

59351 
59461 

59572 
59682 

59:91 
59901 
60010 
6oiJi 

2.59140 

59*51 
59362 
59472 
59583 
59693 
59802 
s  59^12 
60021 
60130 

2.59151 

59262 

59373 
59483 
59594 
59704 
59813 
59923 
60032 
60141 

2.59162 

59273 
59384 

59494 
59605 

59715 
59824 
59934 
60043 
60152 

2.59173 
59284 

59395 
59506 
59616 
59726 

59835 
59945 
60054 
60163 

2.59184 

59295 
59406 

59517 
59627 

59737 
59846 

59956 
(50065 
60173 

2.5919; 
59306 
59417 
59528 
59638 
59748 
5'*8^7 
59966 
60076 
60184 

»• 59107 
59ji|. 
S9f«i 

& 

60195: 

T 

ABLE 
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1             A  l^aUe  of  Lo 

garitUms  from  \   to  io,oco. 

Kq. 

0 

'   I 

s 

3 

4 

5 

6 

7 

S 

9 

400 
401 
40^ 
40J 

404 
405 
406 
407 
408 
4^9 
410 
411, 

4J1 

414 
4*5 

416 
417 
41S 
419 

1 . 60106 
60314 
60413 
60530 
606  3£ 
60746 
60353 
60959 
61066 
61171 

1,60217 
60325 
60433 
60541 
60649 
60756 
60M3 
60970 
61077 
6iiS3 

1.6012S 
60336 
60444 
60552 
6ae6o 
60767 
60874 
6^981 
bjoS? 
61194 

1,61 jOO 
61405 
61511 
61616 
61711 
61 8 16 
61930 
61034 
61138 
61141 

1-61346 
61449 
62551 
62655 

61961 
63063 
63165 
63166 

£• 60139 
60347 
60455 
60563 
60670 
60778 
60885 
6099J 
61098 
61204 

1.60249 
6035* 
60466 

60574 
606S1 
607S8 
6CS95 
61OP1 
61105 
61215 

2.6026c^ 

60369 

60477 
60584 
60691 

60799 

60906 
61013 
6ITI9 
61115 

2. 601/1 
60379 
60487 

60595 
60703 
6c3io; 
609171 
61013, 
61 130 
6x136 

2.60182 
60390 
604^3 
60606 
6C713: 
60820 
60927 
61C34 
6114c 
61247 

1,60193 
60401 
60509 
60617 
60714 
6(1831 
6093^ 
61045 
61151 
61^.57 

3-60304 
60411 
60510 
60617 
6073  s 
60S41 
6C949 
61055 
61161 
6}?68 

1.6137+ 
61479 
61584 
61690 

61794 
61899 
61  CO  3 
6110; 
61111 
62315 

1.6117S 

6  J  384 
61490 
61555 
61700 
6iSq5 
61909 
62014 
6211S 
61111 

3.612S9 

61395 
615CC 
61606 
61711 
61S15 
6191a 
62014 
6111S 
61132 

1-61310 

61416 
6I5Z] 

61617 
6173I 
61836 
6194J 
62045 
62149 
62152 

2,61321 
61416 
6153a 
61637 

61741 
61847 

6195' 
61055 

61263 

1.61331 
61437 

6 '54^ 
6164S 

61751 
61857 
61961 
62066 
6217c 
62273 

2,61341 
6x448 
61553 
61658 
61763 
61S68 

62076 
61x80 
621S4 

1.61352 

^'¥ 
61563 

6i66(; 

61773 
61878 
6H5S2 
62og6 
61x90 
61194 

1,61363 
61469 

6157+ 
61679 
61784 
618S1S 
61993 
62097 
6210J 
62304 

410 
411 
411 
413 
4^4 
4^5 
416 

4»7 
41S 
429 

1.62315 
624ig 
62531 
61634 
61737 
61S39 
61941 
63043 
63144 
63246 

i*6233r5 
61459 
61542 

6i§44 
62747 
62849 
61951 
63053 

63*55 
63256 

2,62356 
61459 
61561 
61665 
61767 
61^70 
62971 

63073 
63175 
63276 

2*61366 
G1465 
61572 
61675 

6177^ 
618S0 
619S2 
65083 
631*5 
631S6 

2,61377 

6i4iJo: 

625*3 
61685 

62890 
62991 

63094 

63196 

1< 62387 
62490 

61798 
61900 
63002 
63104 
63205 
63306 

i.6f397 
62^:00 
6:603 
62706 
6igoB 
62910 
63011 
63T14 
63215 
633*7 

1,6140s 
61 51 J 
61613 
61736 
62818 
629^1 
63012, 
63 114, 
63125 
63317 

2,6141s; 
61531 
61614 
6^716; 
6iSa9 
62931 
63^^33 

63236 
63337 

430 
431 
43* 
433 
434 
445 
436 
437 
43« 
439 
440 
441 
441 
4+3 
444 
445 
446 
447 
441^ 
1449 

2.63J47 
6344^ 
^3  54^ 
63649 

63749 
63S49 

a^ 

64x47 
64246 

2,64345 
64444 
64W 
64640 
6471S 
643  3^ 
f4533 
65051 
6512S 
65215 

^■63357 
^345S 

63i5« 
6:3659 
63759 

.  61859 
63959 
6405S 
64157 
64256 

2.64255 

64454 
64551 
64650 
6474ii 
64ii46 
64943 
65040 
65137 
65134 

2.6331^7 
6346S 
6356S 
63669 
63769 
63S69 
63969 
64o6g 
64167 
64266 

?.  64365 
64^64 
6401 
64660 
64753 
64S56 
64953 
65050 
6  5 '47 
6JI44 

1,65341 

65437 
65533 

65619 
65715 
6^Bio 
65916 
6Goti 
66106 
66100 

1-63377 
6347I! 

63579 
63679 

63779 
63^79 
63979 
64O7S 
64177 
64176 

1.63387 

634S^ 

63589 
£3689 

mil 

641 S7 
641R6 

1,63397 
63498 
63599 
63699 
63799 
63899 
63998 
64098 
64197 

64196 

1*634^7 
6350S 
63609 
63709 
63809 
63909 
64008 
64108 
64107 
64306 

1*63417 
6351S 
63619 
637,9 

63B19 
63910 
64013 
6411S 
64217 
64316 

1,63418 
6351S 
6362*; 
63719 
63S19 
63919 
6do2S 
64ji^ 
64117 
64316 

1-6343* 

63639 
63739 

63839^ 
63939 

6403  8: 
64137 

64335 

2,64375 
64473 

6457i 
64670 
64768 
64S65 
64965 
65060 
65157 
65154 

.,64385 

644S3 
6458Z 
646S0 

64777 
64^75 
64972 
65070 
65167 
65163 

2.64395 
64493 

646R9 
64787 

64S85 

64981 
65079 
65176 
65173 

2,6.Hi54 

64601 
64699 
64797 

Hhs 
64592 

65089 
651S6 
652S3 

2,64414 

64611 
64709 
64^07 
64904 

GqfjOl 
65  c  90 
6.7196 

6Vi9z 

,1.64414 
64523 
64611 
647 1  rj 

,  64816 

649  T  4 

65011 

1   65IOB 

6510  s 

6^3r.2 

1,64434* 
64^31 

647*9 
64S16 

64914 
65011 
65118 

6^115 
_653ii 

450 
+51 
4P 
453 
454^ 

456 
457 
45S 

45? 

1-65321 

654t8 
55514 

65610 
65706 
65gni 
651^6 

65991 
660K7 
66itii 

2*65331 
65417 
65523 
65<5t5 

65811 
6590S 
66cioi 
66096 
66191 

1.6^350 
65447 
65543 
65^3^ 

6';7:-;4 
65830 
65^15 
6fioio 
661 15 
66210 

1,65360 
65456 

^?55ii 
65648 

657+4 
65^3^ 

66030 
6G124 
66219 

2,65369 
6546b 

65562 

6565s 

6';7S3 
65849 

65944 
66039 
66134 
66219 

2.65379 

65475 
65571 
65667 
65763 
65858 

65954 
66049 

6-143 
6613a 

1.653S9 
65^85 

65677 
6577= 
6^g6S 
65963 
6605SJ 
66x53 
66147 

1,6539^ 
65495 
655=Ji 
6^685 
65781 

65877 
65973 
66o6g 
66161 
66157 

a, 654:8 

65600 
65696 

6518J 
66077 

66j7- 
6626. 
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A  Tabic  of  Logarithms  from  i  to  io,coo,             || 

No. 

0 

1 

2 

3 

4 

5 

6 

2.66332 

7 

8 

9 

4fc 

2.66276 

2.6628s 

2.66295 

2.66304 

2.66314 

2.66323 

2.66342 

2.66351 

2.66361 

461 

66370 

66380 

6638r. 

66398 

66408 

66417 

66427 

66436 

66445 

66455 

461 

66464. 

66474 

66483 

66492 

66502 

66511 

66521 

66530 

66539 

665^9 

463 

66558 

66567 

66577 

66586 

66596 

66605 

66614 

66624 

66633 

66642 

464 

66652 

66661 

66671 

66680 

66689 

66699 

66708 

66717 

66727 

66736 

465 

66745 

667S5 

66764 

66773 

66783 

66792 

66801 

66811 

66820 

66829 

466 

66839 

66848 

66857 

66867 

66876 

66885 

66894 

66904 

66913 

66922 

4«7 

66932 

66941 

66950 

66960 

66969 

66978 

66987 

66907 

67006 

67015 

468 

67025 

67034 

67043 

67052 

6706a 

67071 

67080 

67089 

67099 

671C8 

469 

671J7 

67127 

67136 

67145 

67154 

67164 

67173 

67182 

6719; 

67201 

470 

2.67210 

2.67219 

2.67228 

2.67237 

2.67247 

2.67256 

2.67265 

1.67274 

2*672S4 

2.67293 
67385 

471 

67302 

67311 

67321 

67330 

67339 

67348 

67357 

67367 

67376 

472 

67394 

67403 

67413 

67422 

67431 

67440 

67449 

67459 

67468 

67477 

4T3 

67486 

67495 

67504 

67514 

67523 

6753a 

67541 

67550 

67560 
67651 

67569 

474 

67578 

67587 

67596 

67605 

67614 

67624 

67633 

67642 

67660 

475 

67669 

67678 

67688 

67697 

67706 

67715 

677a4 

67713 

6774a 

67752 

476 

67761 

67770 

67779 

67788 

^7797 

67806 

67815 

67825 

67834 

67843 

477 

67852 

67861 

6787c 

67879 

67888 

67897 

67906 

67916 

67925 

67934 

478 

67943 

67952 

67961 

67Q70 

67979 

67988 

67997 

68go6 

68015 

68014 

479 

68034 

68043 

68052 

f8o6i 

68070 

68079 
2.68169 

68088 

68097 

68106 

68115 

480 

2.68124 

2.68133 

2.68142 

2.68151 

2.68160 

2.68178 

2.68187 

2.68196 
68287 

2.68205 

481 

68215 

68224 

68233 

68242 

68251 

68260 

68269 

68278 

68296 

48* 

68305 

68314 

68323 

6833a 

68341 

68350 

68359 

68368 

68377 

683S6 

483 

68395 

68404 

68413 

68422 

6843, 

68440 

68449 

68458 

68467 

68476 

484 

684S5 

6S494 

68502 

68511 

68520 

68529 

68538 

68547 

68556 

68565 

48$ 

68574 

68583 

68592 

68601 

68610 

68619 

68628 

68637 

68646 

68655 

486 

68664 

68673 

6S681 

6869c 

68699 

68708 

68717 

68726 

68735 

687^ 

437 

68753 

68762 

68771 

6S780 

68789 

68797 

68806 

68815 

68824 

68833 

488 

6S842 

68851 

6S86c 

68869 

68878 

68886 

68895 

68904 

68913 

68922 

489 

68931 

68940 

68949 

68958 

68966 

68975 

68984 

68903 

69002 

690HI 

490 

2.6902c 

2.69028 

2.69037 

2.69046 

2.69055 

2.69064 

2.69073 

2.69082 

2.6909c 

2.69099 

491 

6910S 

69117 

69126 

69135 

69144 

69152 

69161 

6917c 

69179 

69188 

49a 

69197 

69205 

69214 

69223 

69232 

69241 

69249 

69258 

69267 

69276 

49t 

69285 

69293 

69302 

69311 

69320 

69329 

69338 

69346 

69355 

69364 

494 

$9373 

69381 

69390 

69399 

69408 

69417 

69425 

69434 

69443 

69452 

49S 

69461 

60469 

69478 

69487 

69496 

69504 

69513 

69522 

69531 

69539 

496 

6954S 

65557 

69566 

69574 

69583 

69592 

69601 

69609 

69618 

69617 

497 

^636 

69644 

69653 

69662 

69671 

69679 

69688 

69697 

69705 

69714 

498 

69723 

69732 

6974c 

69749 

69758 

69767 

69775 

69784 

69793 

698CI 

499 

698x0 

69819 

69827 

69836 

69845 

69854 

69862 

69871 

69880 

6988S 

500 

2.69897 

2.69906 

2.69914 

2.69923 

2.69932 

2.69940 

2.69949 

2.69958 

2.69966 

2.69975 

501 

69984 

69992 

70001 

70010 

70018 

70027 

70036 

70044 

70053 

7006a 

502 

70070 

70070 

70088 

70096 

70105 

70114 

701*2 

70131 

70140 

70148 

503 

70157 

70165 

70174 

70183 

70191 

70200 

70209 

70217 

70226 

70234 

504 

70243 

70252 

70260 

70269 

70278 

70286 

70295 

7030J 

70312 

70321 

505 

70329 

70338 

70346 

70355 

70364 

70372 

70381 

70389 

70398 

70406 

506 

70415 

70424 

70432 

70441 

70449 

70458 

70467 

7047  s 

70484 

70493 

507 

70501 

70509 

70518 

70526 

70535 

70544 

70552 

70561 

70569 

70578 

508 

70586 

70595 

70603 

70612 

70621 

70629 

70638 

70646 

70655 

70663 

^09 

70672 

70680 

70689 

70697 

70706 

707H 

70723 

70731 

70740 

70748 

510 

2.70757 

2.70766 

2.70774 

2.70783 

2.70791 

2.7C800 

2  70808 

2.70817 

2.70825 

2.70834 

5" 

70842 

70851 

70859 

70868 

70876 

70885 

70893 

70902 

70910 

70919 

5" 

70927 

70935 

70944 

70952 

70961 

70969 

70978 

70986 

70995 

71003 

sn 

71012 

71010 

71029 

71037 

71046 

71054 

71062 

71071 

71079 

7108& 

514 

71C96 

71105 

71113 

71122 

71130 

71139 

71147 

71155 

71164 

7117a 

5*>' 

71181 

71189 

71198 

71206 

71214 

71223 

71231 

71240 

71248 

71257 

516 

71265 

71273 

71283 

71290 

71299 

71307 

71315 

71324 

71332 

713411 

517 

71349 

71357 

71366 

71374 

71383 

71391 

71399 

71408 

71416 

71425' 

5»8 

71433 

71441 

7145c 

7145J 

71466 

7i47> 

71483 

7149a 

71500 

715C8, 

,5.V 

715J7 

7^525 

71533 

71542 

71550 

71559 

71567 

71575 

71584 

1 
7159a 

1 
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garithms  from  i  to  10,000.              | 

No 

0 

X 

2 

3 

4 

5 

6 

7 

8 

9 

52c 

2.7160C 

2.71605 

2.71617 

2.71625 

2.71634 

2.71642 

2.7165c 

2-7I65S 

i  2.71667 

2.71C75 

S»i 

71684 

71692 

7170C 

71709 

71717 

717^5 

71734 

71742 

7rjs<^ 

71759 

522 

71767 

71775 

71784 

71792 

7180C 

7i8o(^ 

71817 

7182^ 

71834 

7184* 

5*3 

7185c 

71858 

71867 

71875 

71883 

71892 

7 1 90c 

71 90S 

71917 

71925 

5M 

7^933 

71941 

71950 

71958 

71966 

.  71975 

71983 

71991 

71999 

72008 

S»5 

72016 

72024 

72032 

72041 

72049 

72057 

72o6< 

72074 

72082 

72090 

526 

72099 

72107 

72115 

72123 

7^132 
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82223 

82230 

82236 

82243 

82249 

•82256 

S2263 

82269 

82276 

Us 

82282 

82289 

82295 

8230ft 

«23qS 

823,5 

82321 

82328 

82334 

82341 

666 

82347 

52354 

82360 

82367 

82373 

S2380 

82387 

82393 

82400 

82406 

^67 

82413 

82419 

82426 

82432 

82439 

82445 

82452 

82458 

82465 

82471 

668 

82478 

82484 

8H91 

82497 

82504 

82510 

82517 

82523 

82530 

82536 

669 

82543 

_8254v 

82556 

82562 

82569 

8257s 

82582 

82x;8Jl 

82595 

82601 

Wc 

2.82607 

2.82614 

2.82620 

2.82627 

2.82633 

2.82640 

2.82646 

2.S2653 

2.82659 

2.82656 

67' 

81672 

82679 

826S5 

S2692 

82698 

82705 

827,1 

82718 

82724 

82730 

67^ 

8^737 

82743 

82750 

82756 

82763 

82769 

82776 

8278a 

827S9 

82795 

67s 

82802 

82808 

82814 

82821 

82827 

82834 

82840 

82S47 

82853 

82860 

674 

82866 

82872 

82879 

82S85 

82892 

82898 

S2905 

82911 

82918 

82914 

675 

82930 

82937 

82943 

X29CO 

82956 

82963 

82969 

82975 

S2982 

82988 

67^ 

82995 

83001. 

83008 

83014 

83020 

83027 

83033 

S3040 

83046 

83052 

«77 

83059 

83065 

83072 

8307S 

83005 

8309, 

83097 

83104 

831,0 

83117 

67S 

83123 

83129 

83136 

83142 

83,49 

83^55 

83,6, 

83168 

83,74 

83181 

67r 

83187 

83^93 

83200 

83206 

83213 

832,9 

83225 

S3232 

83238 

83245 

6Sc 

2.83251 

2.83257 

2.83264 

2.S3270 

2.83276 

2.8325^3 

2.83289 

2.JS3296 

2.83302 

2.83308 

68  J 

83315 

83321 

83327 

83334 

83340 

83347 

83353 

83359 

83366 

83372 

682 

83378 

833S5 

83391 

S359S 

83404 

834,0 

83417 

^3423 

83429 

83436 

6S3 

83442 

83448 

83455 

83461 

83467 

83474 

83480 

83487 

83493 

83499 

684 

83506 

83512 

835,8 

83525 

83531 

83537 

83544 

83<;5o 

83556 

83563 

685 

83569 

83575 

83582 

83588 

83594 

83t)0, 

8360'; 

83613 

83620 

83626 

686 

83632 

83639 

83645 

83651 

83658 

83664 

83670 

83677 

83683 

83689 

6S7 

83696 

83702 

83708 

83715 

83721 

83727 

83734 

83740 

83746 

83753 

688 

837-5y 

8376s 

83771 

83778 

83784 

8379<3 

«37w7 

83S03 

S3809 

83816 

^8u 
69c 

83822 
2.85885 

83828 

83835 

83841 

83847 

83853 

83860 

S3866 

83872 

83879I 
2.83942' 

2.83891 

2.83897 

2.83904 

2.8391G 

2.839,^ 

2.83.V23 

2.83929 

2.8"3^3s- 

69, 

839^8 

83954 

83960 

83967 

83973 

83779 

83985 

830.'  2 

83')..-8 

84004! 

632 

84011 

84017 

84023 

84029 

84036 

84042 

84048. 

843  s  5 

84061 

84067 

693 

84073 

84080 

84086 

S4092 

ii40<?8 

84,05 

84,,, 

^4,17 

84123 

84130 

694 

841x6 

84142 

84148 

84155 

84161 

84,6; 

84' 7?. 

841SC 

84,^6 

84,92 

695 

84198 

84205 

84211 

84217 

8422-; 

8423c 

8423b 

S4242 

84.--8 

84255 

696 

84261 

84267 

84273 

842X5 

84286 

84202 

8420 'A 

84^0: 

8431, 

84317 

697 

8432^ 

8433c 

84336 

84342 

84348 

84354 

84361 

84367 

84375 

84379 

698 

84386 

843g2 

84398 

84404 

844^0 

84417 

84423 

84429 

84435 

84442 

699 

84448 

84454 

8446c 

84466 

84473 

84479 

8448  s 

844;  1 

84497 

84504 

T  t  a 


Table 

XXL 

1                               A  Table  of  Lnj 

^arithms  from  1  to  10,000.                                 || 

No. 

0 

1 

ft 

3 

4 

5 

6 

7 

S 

9 

700 

1.84510 

2.S431C 

2.84522 

2.84528 

2. 84535 

2.84541 

1-84547 

».845S3 

2.84559 

2.84566 

701 

84572 

V4578 

84584 

84590 

84597 

84603 

84609 

84615 

84621 

84628 

702 

84634 

84fi4« 

84646 

84651 

84658 

84665 

84671 

84677 

84683 

84689 

70s 

84696 

.54702 

84708 

84714 

84720 

84726 

^733 

84739 

84745 

8475" 

704 

84757 

84763 

84770 

X4776 

84782 

84788 

84794 

84800 

84S07 

84813 

'705 

84819 

84825 

84831 

84837 

84844 

84850 

84856 

84862 

84868 

84874 

706 

84880 

84887 

84893 

84899 

84905 

8491, 

84917 

849*4 

84930 

84936 

1707 

84942 

^^':48 

84954 

84960 

84967 

84973 

84979 

84985 

84991 

84997 

70S 

850CI 

X  «;■.•... 

85016 

85022 

85028 

85034 

85040 

85046 

85052 

85058 

,709 

85^65.     X^c7i 

8>o;7 

85083 

85089 

85095 

85101 

85107 

85114 

85120 

710 

4.S5126 

2.85132 

2.S5138 

2.85144 

2.85150 

2.85156 

2.85163 

2.85169 

2.85175 

^•SciSi 

711 

S51S7 

85193 

85190 

85205 

85211 

85217 

85224 

85230 

85236I     85S42II 

712 

85248 

^525^ 

85160 

85266 

85272 

85278 

85285 

85291 

85297 

85303 

713 

85309 

85315 

85321 

85327 

85333 

85339 

85345 

85351 

85358 

85364 

714 

85370 

S5376 

8^382 

i^538S 

85394 

85400 

85406 

85412 

85418 

85415 

^'1 

85431 

85437 

85443 

85449 

85455 

85461 

85467 

85473 

85479 

85485 

I716 

?549i 

^54fC 

85503 

85509 

85516 

85522 

85528 

85534 

85540 

85546 

'717 

S5n5- 

?5558 

85564 

85570 

85576 

85582 

85588 

85594 

8560a 

85606 

I7i8 

S5612 

85618 

85625 

85031 

85637 

85643 

85649 

85655 

8566J 

85667 

719 

*720 

85673 
2.S5733 

_^5_679 

2.85730 

85685 
2,8'57i5 

85691 

85697 

85703 

S5709 

85715 

85721 

85727 

2.85751 

»«85757 

2.85763 

2.85769 

»-85775 

2.85781 

2.85788 

'721 

8  57(;4 

858CO 

85806 

85812 

85818 

85S24 

85830 

85836 

85842 

85848 

I722 

85-^53 

8586c 

85S66 

^5872 

85878 

85884 

85890 

85896 

85902 

85908 

[723 

85914 

S592C 

85026 

8C932 

85938 

85944 

85950 

85956 

85962 

85968 

.7H 

«>9;4 

85980 

85986 

85592 

«59q8 

86004 

86010 

86016 

86022 

86028 

1725 

3^^034 

86040 

86046 

86052 

8605S 

86064 

86070 

86076 

86082 

86088 

1726 

S6og4 

86ioc 

86106 

86112 

86118 

86124 

86130 

86136 

86141 

86147 

17*7 

86153 

86159 

86165 

86171 

86177 

86183 

86189 

86195 

86201 

86207 

.72S 

Js62i3 

^^n^ 

S6225 

86231 

86237 

86243 

86249 
86308 

86255 

86261 

86267 

'729 

86z7-, 

S627<; 

86285 

86291 
2.S6350 

86297 

86303 

86314 

86320 

86326 

■730 

2.86332 

2.86338 

2.86344 

2.86356 

2.86362 

2.86368 

2.86374 

2.86380 

2.86386 

.731 

80392 

S6398 

86404 

^6410 

86415 

86421 

86427 

86433 

86439 

86445 

732 

8645, 

!?*5I 

86463 

86460 

86475 

86481 

86487 

86493 

86499 

86504 

|733 

86510 

8^516 

86522 

86528 

86534 

86540 

86546 

86552 

86558 

86564 

.734 

86^570 

86576 

86581 

86587 

86593 

86599 

86605 

86611 

86617 

86623 

"35 

86629 

86635 

86641 

86646 

86652 

86658 

86664 

86670 

86676 

86682 

.736 

SC6S.- 

r5694 

86700 

86705 

86711 

86717 

86723 

86729 

86735 

86741 

737 

86747 

86753 

86759 

8676A 

86770 

86776 

86782 

86788 

86794 

86800 

j73» 

86Sv^6 

S68j2 

86S17 

86823 

86829 

86835 

86841 

86847 

868« 

86859 

73? 
;740 

8686.; 

86lWi.- 

86876 

868S2 

86888 

86894 

86900 

86906 

869ii 

86917 

2.S6923 

2.86929 

2.S6535 

2.^6941 

2.86947 

2.86953 

2.86958 

2.86964 

2.86970 

2.86976 

1741 

86982 

S6988 

86994 

86999 

87005 

87011 

87017 

87023 

87029 

87035 

'742 

87040 

87046 

87052 

87058 

87064 

87070 

87075 

87081 

87087 

87093 

!743 

87099 

87105 

87111 

87116 

87122 

87128 

87134 

87140 

87146 

87151 

.744 

S7157 

S7163 

87169 

87175 

87181 

87186 

87192 

87198 

87104 

87110 

745 

S7216 

87221 

87227 

87233 

87239 

87245 

87251 

87256 

87262 

87168 

.746 

87274 

87280 

87286 

87291 

87297 

87303 

87309 

87315 

873*0 

87316 

5747 

87332 

8733X 

87344 

«7349 

87355 

87361 

87367 

87373 

87379 

87384 

;74« 

87390 

87V/6 

87402 

87408 

87413 

87419 

87425 

87431 

874J7 

8744> 

749 

>50 

87448 

87454 

S7460 

87466 

87471 

87477 

87483 

87489 

87495 

875«» 

2.S75C6 

2.^7512 

2.8751S 

2.87523 

2.875*9 

»-87535 

2.87541 

2.87547 

2.8755a 

1*87558 

751 

87564 

87570 

87576 

87581 

87587 

87593 

87599 

87604 

8761b 

87616 

75^ 

87-622 

876z8 

87633 

87639 

87645 

87651 

87656 

87662 

87668 

87674 

753 

87679 

87685 

87691 

87697 

87703 

87708 

87714 

87720 

87726 

87731 

754 

87737 

87743 

87749 

87754 

87760 

87766 

8777* 

87777 

87783 

ISS 

^55 

87795 

8780G 

87806 

87812 

8;8i8 

87823 

87829 

87835 

87841 

756 

87852 

8785S 

87864 

87869 

87875 

87881 

87887 

87892 

87898 

87904 

757 

87910 

87915 

87921 

87927 

87933 

87938 

87944 

87950 

87955 

87961 

75« 

87967 

87973 

87978 

87984 

87990 

87996 

8S00X 

88007 

88013 

8801S 

759 

88024 

88030 

88036 

8804X 

88047 

88053 

88058 

88064 

88070 

88076 

Table 

XXI. 

A  Table  of  Logarithms  from  i  to  io,coo. 

No. 
760 

0 

X 

2 

3 

4  , 

5 

6 

7 

8 

9. 

2.88081 

2.88087 

2.88093 

2.8S098 

2.88104 

2.88110 

2.88116 

2.88121 

2.88127 

2.88133 

761 

«8i38 

XS144 

88150 

8S156 

88161 

88167 

88173 

88178 

88184 

88190 

,76a 

88195 

88201 

88207 

8H213 

88218 

88224 

88230 

88235 

8S241 

88*47 

763 

80252 

88258 

S8264 

88270 

88275 

88281 

88287 

88292 

88298 

88304 

764 

88309 

883  J^' 

88321 

8^326 

8^332 

88338 

88343 

88349 

88355 

88360 

,76s 

8S366 

88372 

88377 

!53>3 

88389 

88395 

8840c 

88406 

8S412 

88417 

766 

SS423 

8b429 

88434 

88440 

88446 

88451 

88457 

88463 

8S468 

88474 

767 

S8480 

8S4S5 

88491 

88407 

88502 

88508 

S8513 

88519 

88525 

88530 

768 

8?.536 

88542 

8S547 

88553 

^8559 

88564 

88570 

88576 

88581 

88587 

762 

S8593 

88598 

»86o4 

8861C 

88615 

88621 

88627 

88632 

88638 

8*643 

770 

2.38649 

2.88660 

2.88666 

2.88672 

2.88677 

2.88683 

2.88689 

2.88694 

2.88700 

77J 

88705 

88711 

88717 

88722 

88728 

88734 

88739 

88745 

88750 

88756 

772 

8S762 

88767 

88773 

88779 

88784 

88790 

88795 

88801 

88807 

8881a 

773 

88Xj8 

88824. 

88829 

88835 

88840 

88846 

8S852 

88857 

88863 

88868 

774 

88874 

88880 

88885 

88891 

88897 

88902 

88908 

88913 

88919 

88925 

775 

88930 

88936 

88941 

88947 

88953 

88958 

88964 

88969 

88975 

88981 

776 

88nS6 

88992 

88997 

89003 

89C09 

89014 

.89020 

89025 

89031 

89<^37 

.777 

89042 

89048 

89053 

89059 

89064 

89070 

89076 

89081 

89087 

8909a 

77S 

8909S 

89104 

89109 

89XK; 

89120 

89126 

89131 

89137 

89143 

89148 

779 

89154 

89159 

89165 

89170 

89176 

89182 

89187 

89193 

89198 

89204 

780 

2.89209 

2.89215 

2.89221 

2.89226 

2,89232 

2.89237 

2.89243 

2.89248 

2.89254 

2.89260 

781 

89265 

89271 

89276 

89282 

89287 

89293 

89298 

89304 

89310 

89315 

782 

89321 

89326 

89332 

89337 

89343 

89348 

89354 

8936c 

89365 

89371 

783 

89376 

8938a 

89387 

89393 

89398 

89404 

89409 

89415 

89421 

89426 

784 

89432 

89437 

89443 

89448 

-9454 

89459 

89465 

89470 

89476 

89481 

785 

89487 

89492 

89498 

89504 

89509 

89515 

89520 

89526 

89531 

89637 

786 

89542 

89548 

89553 

«9559 

89564 

89570 

89575 

89581 

89586 

8959a 

787 

«9597 

89603 

89609 

89614 

89620 

89625 

89631 

89636 

89042 

89647 

788 

89653 

89658 

89664 

89669 

89675 

89680 

89686 

89691 

89697 

8970a 

789 

89708 

8^713 
2.89768 

89719 

89724 

89730 

89735 

89741 

89746 

89752 

89757 

790 

2.89763 

2.89774 

2.89779 

2.89785 

2.89790 

2.89796 

2.89801 

2.89807 

a. 8981a 

79' 

89818 

89823 

89829 

89834 

89840 

89845 

89851 

89856 

89862 

89867 

792 

89873 

89878 

89883 

89889 

89894 

89900 

89905 

89911 

89916 

8992a 

793 

89927 

8i?933 

89938 

89944 

89949 

89955 

89960 

89966 

89971 

^9977 

794 

89982 

89988 

89993 

89998 

90004 

90009 

90015 

90020 

90026 

90031 

795 

90037 

9C042 

90048 

90053 

90059 

90064 

90069 

90075 

90080 

90086 

796 

9C091 

90097 

50102 

9010S 

90113 

90119 

90124 

901:19 

90135 

90140 

797 

90146 

90151 

90157 

90162 

90168 

90173 

90179 

90184 

90189 

90195 

798 

90200 

90206 

90211 

90217 

90222 

90227 

90233 

90238 

90244 

90249 

799 

90255 

90260 

90266 

90271 
2.90325 

90276 

90282 

90287 

90293 

90298 

90304 

800 

2.90309 

2.9C314 

2.90320 

2.90331 

2.90336 

2.90342 

2.90347 

2.90352 

2.90358 

801 

90363 

90369 

90374 

90380 

90385 

90390 

90396 

90401 

90407 

90412 

802 

90417 

90423 

90428 

90434 

'  90439 

90445 

90450 

90455 

9C461 

90466 

803 

90472 

90477 

90482 

90488 

90493 

90499 

90504 

90509 

90515 

90520 

804 

90526 

90531 

90536 

90542 

90547 

90553 

90558 

90563 

90s  69 

90574 

805 

90530 

90585 

90590 

90596 

90601 

90607 

90612 

90617 

90623 

90628 

806 

90634 

90639 

90644 

9065c 

90655 

90660 

90666 

90671 

90677 

90682 

807 

90687 

90693 

90698 

90703 

90709 

90714 

90720 

90725 

90730 

90736 

808 

90741 

90747 

90752 

90757 

90763 

90768 

90773 

90779 

90784 

90789 

18. -9 

90795 

9cSoo 

90806 

90811 

90816 

90822 

90827 

90832 

90838 

90843 
2.90897 

81c 

2.90849 

2.90854 

2.90859 

2.90865 

2.90870 

2.90875 

2.90881 

2.90886 

2.90891 

811 

90902 

90907 

90913 

90918 

90924 

90929 

90934 

90940 

90945 

90950 

!" 

90956 

90961 

90966 

90972 

90977 

90982 

90988 

90993 

90998 

910C4 

5'3 

91009 

91014 

91020 

91025 

91030 

91036 

91041 

91046 

91052 

91057 

;8i4 

91062 

91068 

91073 

91078 

91084 

91089 

91094 

91100 

91105 

9111P 

1815 

9JII6 

91121 

^1126 

91132 

91137 

91142 

91148 

91153 

9115S 

91164 

>8j% 

91169 

91174 

91180 

91185 

91190 

9ii?6 

91201 

91206 

91212 

91217 

i8i7 

91222 

91228 

91233 

91238 

91243 

91249 

91254 

91259 

91265 

91270 

;&i8 

.9  "7.5 

91281 

91286 

91291 

91297 

9130a 

91307 

91312 

91318 

91323 

ij€f 

9x328 

91334 

9'339 

91344 

91350 

91355 

91360 

91365 

91371 

91376 

' 

1 
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A  Table  of  Logarithms  from  i  to  10,000.                                 ;| 

No. 

0 

I 

2 

3 

4 

5 

6 

7 

8 

'  J 

foo 

1.91381 

2.91387 

2.9139* 

2.91397 

2.9x403 

2.9x40^ 

2.9x413 

2.914x8 

2.91424 

2.91429: 

8s  I 

91434 

9144c 

91445 

9145 

9X45^ 

.91461 

9x466 

91471 

91477 

9148*: 

bu 

9x487 

91492 

91498 

91503 

9x508 

91514 

9x5x9 

915*4 

91529 

91535! 

2*3 

91540 

9'54S 

91551 

9x556 

9156J 

9x566 

91572 

91577 

9x582 

91587 

8»4 

91593 

91598 

01603 

91609 

91O14 

91619 

91624 

91630 

91635 

9x640 

S'* 

9r-4^ 

91631 

9i65t 

9x661 

91666 

9x67a 

9x677 

9x682 

91687 

91693 

(26 

9169^ 

9170-; 

91709 

91714 

91719 

9x724 

91730 

91735 

91740 

9«745 

«>7 

9'75i 

9i75'> 

91761 

91766 

91772 

91777 

91782 

9X7?7 

91793 

9x798 

838 

9i5?03 

91S  8 

918x4 

91819 

91824 

91X29 

91S34 

9x840 

91845 

9XS5C 

8>9 

c)i8s5 

qjUj 

9i8r!6 

_9i87j 
2.91924 

01876 
2.9x929 

91887 

91887 

91892 
2.91944 

91897 

9x903 

\h^ 

a. 91908 

1.91973 

2.91918 

2.91934 

2.91939 

2.91950 

2.91955 

1*5' 

9196c 

91965 

91971 

91976 

91981 

91986 

91991 

91997 

92002 

92007 

J»3x 

92012 

920 1 8 

92023 

92028 

92033 

92038 

92044 

92049 

92054 

92059 

«3J 

92065 

92070 

92075 

92080 

92085 

92091 

92096 

92XOX 

92106 

92111 

»J4 

92117 

92124 

92127 

V*i3* 

92137 

92143 

92x48 

92x53 

92158 

92163 

«3J 

92i6() 

9*174 

92179 

92184 

92189 

9219s 

Q2200 

92205 

922x0 

92215 

•36 

9222: 

92226 

9**31 

92236 

92241 

92247 

92252 

9**57 

92262 

92267 

«37 

92273 

9"7« 

92283 

922  ":i? 

92293 

922';8 

9*304 

92309 

9*314 

9*3i>> 

838 

92324 

92330 

»^*335 

92340 

'.214!; 

«.;*35o 

9*355 

9236X 

92366^ 

92371 

«J9 

92376 

923S1 

Q2387 

9*3J-* 

923;7 

92402 

92407 

92412 
2.92464 

924i« 

92423 

I40 

2.9242s 

2.92433 

2.92438 

2-9*443 

2.92449 

2092454 

2.92459 

2.92469 

2.92474 

!*' 

9?  48c 

92485 

9*470 

92495 

92500 

92505 

92511 

925x6 

9*5*1 

92526 

84* 

9i.S3» 

9*536 

92542 

92547 

9*552 

9*557 

92562 

92567 

92572 

92578 

S43 

925S3 

925B8 

9*593 

92598 

92603 

92609 

92614 

92619 

92624 

92629 

«44 

92634 

9263t> 

92645 

92650 

9265s 

92660 

92665 

^2670 

92675 

9268  X 

«45 

926S6 

92691 

92696 

92701 

92706 

92711 

02716 

92722 

9*7*7 

92732 

S46 

92777 

92742 

9*747 

2752 

9*758 

9*763 

92768 

92773 

92778 

92783 

847 

(;278S 

9*7')3 

92799 

92804 

92809 

92814 

928x9 

92824 

92829 

92834 

^48 

92840 

92S45 

92850 

92855 

928C0 

92865 

92870 

92875 

92881 

92886! 

849 

C289I 

92876 

9290J 

92906 

92911 

92916 

92921 

92927 
2.92978 

92932 

9*937! 

8jo 

2.9294^ 

2.92947 

2.92952 

2.92957 

2.92962 

2.92967 

2.92973 

2.9*983 

2.929S8 

8ji 

9*993 

9*99? 

93003 

93008 

93013 

93018 

930*4 

93029 

93034 

93039 

851 

93044 

9304  V 

93054 

93059 

93064 

93069 

93075 

93080 

93085 

93090 

8S3 

9S095 

93  ICC 

93105 

93110 

93115 

93120 

931*5 

93131 

93136 

93141 

!5* 

93146 

93^5' 

9315C 

93161 

93166 

93171 

93176 

9318X 

93186 

93x92 

851f 

93197 

93202 

93207 

93212 

93217 

93222 

93227 

93*3* 

93237 

9324a 

1** 

93247 

93252 

93258 

93*63 

93268 

93*73 

93*78 

93283 

93*88 

93*93 

»S7 

93298 

93303 

933^^^ 

93313 

93318 

933*3 

933*8 

93334 

93339 

93344 

»S» 

93349 

93354 

9335" 

93364 

93369 

93374 

93379 

933^4 

93389 

93394 

*H 

93309 

93404 

93409 

93414 

934*0 

934*5 

93430 

93435 

93440 

93445 

860 

2.93450 

*-9.345S 

2.9346c 

2.93465 

2.9347c 

2-93475 

2.93480 

2.93485 

2.9349c 

2.93495 

iit 

93500 

93505 

93510 

93515 

93520 

935*6 

93531 

93536 

93541 

V3546 

9«i 

93551 

93556 

93561 

93566 

93571 

93576 

93581 

93586 

93.591 

93596 

8*3 

93601 

93606 

93611 

93616 

93621 

93626 

93631 

93636 

93641 

93646 

8«+ 

93651 

93656 

93661 

93666 

93671 

93676 

93682 

<)3687 

93692 

93697 

865 

93702. 

93707 

93712 

93717 

937** 

93727 

93732 

93737 

9374* 

93747 

i6t 

9375* 

93757 

93762 

93767 

93772 

■93777 

93782 

93787 

93792 

93797 

,H67 

938C2 

93807 

93812 

93817 

93822 

93827 

93832 

93837 

9384* 

93847 

S68 

93852 

93^57 

93862 

93867 

93872 

93^77 

93882 

93887 

93892 

93897 

469 

q'\<)02 

93907 

93912 

_939i[7 

03922 

93927 

9393* 

93937 

9394* 

93947 

8^ 

a.939«;2j2.93957 

i. 93962 

2.93967 

2.93972 

2.93977 

2.93982 

2.93987 

a. 93992 

2.93997 

«7J 

9400a 

940C7 

94012 

94017 

94022 

94027 

94032 

94037 

94.042 

94047 

87> 

.   f;405* 

94^57 

94062 

94067 

94072 

94077 

94082 

94Q86 

94091 

94096 

87? 

94101 

941C6 

94X11 

94116 

94121 

94126 

94x31 

94136 

94141 

94^46; 

»74 

94151 

94x56 

94161 

94x66 

94171 

94176 

94x8x 

94186 

94191 

9419^, 

*75 

04201!     94201: 

0421/ 

94*16 

94221 

94226 

94231 

94236 

94240 

94*45 

.76 

94250;    94251 

94260 

9426^ 

94*70 

94*75 

94280 

94285 

94290 

94*95 

877 

94300;    9430: 

9431c 

94315 

943*0 

943*5 

94330 

-    94335 

94340 

94345 

i7S 

94349 

9V35-' 

94359 

94364 

94369 

94374 

94379 

94384 

94389 

94394 

879 

94399 

94404 

94409 

94414 

94419 

944*4 

944*9 

94433 

94438 

94443 
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No. 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

880 
881 
882 
883 
S84 
.885 
886 
1887 
!888 
,889 

2.94448 
9449V; 

94547 
94S9t> 
94«^45 
940.;4 

94743 

9479* 
94841 
9489c 

2.94455 
94503 
9455- 
94t)oi 
9465c 

946^9 
.9474i> 
94797 
94846 
94895 

2.9445S 

945'^'7 
94557 
94606 

94655 
94704 
947S3 
94802 
94851 
04900 

2.94463 
94512 

94562 
94611 
94.660 
94700 
94758 
94807 
94856 
04^05 

1. 9446*6 
945W 
945«>7 
9461b 
94065 

94714 
94763 
94812 
C4S61 
9491c 

*.94473 
94522 

94571 
94621 

94670 
94719 
04768 

94817 
94866 

94915 

2.94478 
945*7 
94576 
94626 

94675 
947*4 
94773 
94822 

94871 
949x9 

1.94483 
9453* 
94581 
94630 
94680 
947*9 
9477S 
94827 
94876 
94914 

1.94488 

94537 
94586 
.94635 
94685 
94734 
94783 
94«3* 
948^0 

949*9 

2.94493 
9454* 
94591 
94640 
94689 
9473« 
94787 
94836 

94S85 

94934 

[890 
1891 
892 
893 

1894 

,«97 

ii;' 

2.94939 
94988 
95036 
95085 
95»34 
95182 

95*3J 
95^77 
95J28 
95376 

2.94944 
94993 
95041 
95090 

95  *^/ 
95'»7 
95236 
05284 
9533^ 
95381 

2.94949 
94998 
95046 
95095 
95'43 
95x92 
95240 
95289 
95337 
95386 

2.94954 
95002 
95051 
95x00 
95x48 
95»97 
95*45 
95*94 
9534* 
95390 

1.94959 

95007 

•  95056 

95x05 

95153 
95202 

95*50 
95*99 
95347 
9539.^ 

2.94963 
95012 
95061 
9  c  109 
95x58 
95*07 
95*55 
95303 

9535* 

05400 

2.94968 

95066 
95114 
95163 
95211 
95*60 
95308 
95357 
95405 

*-95453 
95501 

95550 
95598 
95646 
95694 
9574* 
95789 
95837 
95885 

2.94973 
95022 
95071 

95168 
95116 
95265 

95313 
95361 
95410 

2.95458 
95506 

95554 
9^602 
95650 
95698 
95746 
95794 
9584* 
95890 

1.94978 
950*7 
95075 
95124 

95173 
95121 

95*70 
95318 
95366 

1.95463 

955" 
95559 
95607 
95655 
95703 
95751 
95799 
95847 
95^95 

1.94983 

*  9503* 
95080 
95119 

95177 

952*6 

95«^74 
953*3 
^5371 
95419 
1.95468 
95516 
955^ 
9S6xi 
9^66o 
95708 

95756 
95804 

9585* 
95899 

901 
902 
,903 
J904 
I905 

|9o6 

4907 
1908 
1900 

2.95424 
9547* 
955*1 
95569 
95617 
95665 

95713 
95761 
95809 
95856 

2.954*9 
95477 
955*5 
95574 
95622 

95670 

95766 
95813 
(15861 

*-9  5434 
95482 

95530 
95578 
95626 

95674 
957*2 
95770 
95818 
95866 

2.95439 
954*^7 
95535 
95583 
95631 

95679 
957*7 
95775 
955*3 
95871 

2.95444 
9549* 
95540 
95588 
95636 
95684 

9573* 
9578c 
95828 
95875 

2.95448 
95437 
95545 
95593 
95041 

95689 
95737 
95785 
9583* 
95880 

910 
9X1 
9x2 

913 
914 

9>5 
916 

917 
91S 
919 

92c 

9*1 
922 

9*3 
9*4 
9*5 
926 

9*7 
J92S 

i9*9 

* -95904 
9595* 
95-999 
96047 
96095 
96x42: 
9619c 

96*37 
96284 
96332 
2.96379 
96426 

96473 
96520 
96567 
96614 
96661 
967C8 

96755 
06802 

2.95,09 

95957 
96004 

,  9605* 
•96099 
96147 
96194 
96242 
96289 
96336 

2.95914 
95961 
96C05 

'  96057 
96104 
96152 
96199 
96*46 
96294 
96341 

2.95918 
95966 
96014 
96061 
96109 
96156 
96204 
96251 
96298 
96346 

2.96393 
96440 
96487 
96534 
96581 
96628 
96675 
96722 
96769 
96816 

2.95923 

95971 

96019 

96066 

96114 

96161 

06209 

96256 

.  96303 

■  96350 

2.96398 

96445 
96492 

96539 
96586 
96633 
96680 
96727 

96774 
06S2C 

2.95t,28 
95976 
96023 
96071 
96118 
96x66 

96261 
96308 
96355 
2.96402 
96450 
96497 

96544 
96591 
96638 
96685 

96731 
96778 
06825 

2.95933 
95980 
96028 
96076 
96123 
96171 
96218 
96265 

96360 

2.95938 

95985 
96033 
960S0 
96128 

96175 
96223 
96270 

96317 
96365 

2.o594i 
95990 
96058 

96085 

96133 
96180 
96227 
96275 
96322 
96369 

2.95947 

95995 
96C42 

96090 
96x37 
96x85 

96280 
96327 
96374 

2.96384 
96431 

96478 

965*5 
96572 
96619 
96666 
96713 
9675'' 
06006 

2.96388 
96435 
96483 
96530 

96624 
96670 
96717 

96764 
96511 

2.96407 

96454 
96501 
96548 

96595 
96642 
96689 
96736 

96783 
96S3C 

2.9641Z 

96459 
96506 

96600 

96647 
96694 
96741 
96788 
96834 
2.96881 
96928 

96;  74 
97021 
97067 

97114 
97160 
97206 
97*53 
97*9S 

2.96417 
96464 
96511 
96558 
966  5 
96652 
96699 

96:^45 
96792 

96839 
2.96X86 
96932 
96979 
97025 

97^7* 
97118 

97165 
97211 

9*^*57 
97304 

2.964ai 
96468 

96562 
96609 
96656 
9670J 
96750 
96797 
_S6844 
2.96S9C 

96937 
96984 
97030 

97077 
97123 
9716. 
97*16 
97262 
97308 

,93 
931 
93* 
933 
934 
1935 
1936 
1937 
1938 
!939 

96895 
96942 
96988 
9703  c 
97081 
97128 

.  9717-J 
9722c 

97-67 

2.96853 
9690c 
96946 

96993 
97030 
97086 
9713* 
97179 
97*25 
97271 

2.9685s 
96904 
96951 
96997 
97044 
9709c 

971^7 
97183 

fj7*3o 
97*76 

2.96862 
9690;} 
96956 
97002 
97C4Ci 
97095 
97142 
97188 

97^34 
97280 

2.96867 
96914 
96960 
97007 

97053 
9710C 
97146 
97192 

97230 
97285 

2.96872 
969x8 

96965 
97011 
97058 
97104 
97151 
97107 
97*43 
97*90 

2.96876 
96923 
96970 
97016 
97063 
97109 

97155 
97202 
97248 

97*".4 
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Ko. 


8 


940 
941 
94a 
943 
944 

94S 
946 

948 
949 


.973*3 
97359 

,97405 
9745  i 
97497 
97543 
975JJ9 
97635 
97681 
97727 


•973^7 
973<»4 
97410 

97456 
97502 

97548 
97594 
97640 
97685 
97731 


•973" 
97368 

974«4 
97460 
97506 
9755* 
97598 
97644 

976(;o 
97736 


.97327 
97373 
97419 
97465 
97511 

97557 
97603 
97649 
97695 
9774« 


•9733" 
97377 
974*4 
97470 
97516 
97562 
97607 

97653 
97699 

97745 


•97330 
973«2 

974*3 

97474 
97520 
97566 
97612 
97658 
97704 
97749 


.97340 
97387 
97433 
97479 
975*5 
9757 
97617 
9766: 
97708 
97754 


950 
95« 
95* 
953 
954 


957  c 

958 

959 

960 

961 

962 

963 
964 
965 
966 
967 
968 
'969 


1.9777* 
97818 
97864 
97909 

97955 
98000 
98046 
98091 
98137 
98182 


•97777 
97823 
97868 
979M 
97959 
98005 
98050 
98096 
98141 
98186 


.97782»» 
97827 

97873 
97918 
97964 
98009 
98055 
98100 
98146 
98191 


.97786 
97832 
97877 
979*3 
97968 
9S014 
98059 
98105 
98150 
98195 


•97345 
9739' 
9743 
9748 

975*9 
97575 
97621 
97667 
97713 
97759 


•97350 
97396 
9744* 
97488 

97534 
97580 
97626 
97672 

97717 
97763 


•97354 

97400: 

97447 
97493 
97539 
97585 
97630 
97676 
97722 
97768 


•97791 
97836 
97882 
979*8 

97973 
980J9 
98064 
98109 
98155 
98200 


•97795 
97841 
97886 
97932 
97978 
98023 
9806S 
98114 
98159 
98204 


2.98227 
98272 
9831S 

98363 
98408 

98453 
98498 

98543 
98588 
98632 


.9S232 
98277 
98322 
98367 
98412 

98457 
98502 

98547 
98592 
98637 


.98236 
98281 
98327 
98372 
98417 
98462 
98507 
9855* 

98597 
98641 


.97800 

97845 
97891 

97937 
9798a 
9802S 
98073 
98118 
98164 
98209 


.98241 
98286 
98331 
98376 
98421 
984^6 
98511 

98556 
98601 
98646 


970 
971 
97* 
973 
974 
975 
976 

977 

978 

979 

lp8o 

98 

982 

983 

984 

985 

986 

987 

988 

989 


2. 98677 
98722 

98767, 
98811 
98856 
98900 

98945 
98989 
99034 
99078 


.986822 
98726 

98771 
98816 
98860 
98905 
98949 
98994 
99038 
99083 


2.99123 
99167 
99211 

99*55 
99300 

99344 
99388 
99432 
99476 
995*0 


.99127 
99171 
99216 
99260 
99304 
99348 
99302 

99436 
99480 
00524 


.98686 

98731 
98776 
98S20 
98S65 
98909 

98954 
98998 
99043 
99087 


.98691 

9^735 
98780 
9S825 
98869 
98914 
98958 
99003 
99047 
9909 


.98245 
98290 
98336 
98381 
98426 
98471 
98516 
98561 
98605 
98650 

•98695 
98740 
98784 
98829 
98874 
98918 
98963 
99007 
99052 
99096 


.98250 
98295 
98340 
98385 
98430 

98475 
98520 
98565 
98610 
98655 


•97804 
97850 

97896 
97941 
97987 
98032 
98078 
98123 
98168 
98*14 


.97809 

97855 
9790c 

97946 

97991 
98037 
9S082 
98127 
98173 
98218 


•98*54 
98299 

98345 
98390 

98435 
9848c 
98525 

9857 

98614 

98659 


.98*59 
98304 
98349 
98394 
98439 
98484 
985*9 
98574 
98619 
98664 


.98263 
98308 
98354 
98399 
98444 
98489 

98534 

9S579 
986 

98668 


.98700 

98744 
98789 
98834 
98878 
98923 
98967 
99012 
99056 
99100 


.98704 
98749 
98793 
98838 
98883 

989*7 
98972 
99016 
99061 
9Q105 


.98709 
98753 
98798 

98843 
98887 
98932 
98976 
99021 
99065 
99»09 


.99131 
99176 
99220 
99264 
99308 

9935* 
99396 

9944 

99484 

99528 


.99136 
99180 
99224 
99269 
99313 
99357 
99401 

99445 
99489 

9953 


.98713 
98758 
98802 
98847 
98892 
98936 
98981 
99025 
99069 
99114 


.99140 
99185 
99229 
99273 

99317 

99361 

9940 

99449 

99493 

99537 


•99145 
99189 

99*33 
99*77 
99322 
99366 
99410 

99454 
99498 

995421 


.99149 

99^93 
99238 
99282 
99326 
99370 
99414 
99458 
99502 
99546 


.99154 
99198 
99242 
99286 
99330 

99374 
99419 

99463 
99506 
99550 


.99158 
99202 
99247 
99291 
99335 
99379 
99423 
99467 
99511 
99555 


2.97813 
97859 
97^05 
97950; 
97996: 
98041 1 
98087 
98131 

98177 
98223 


.98268 

98313 

9835S 
984031 
984481 
98493! 
985381 
98583I 
986281 
98673: 


.987'7, 
98761 
983c:! 
98851! 
98x5^, 

9894» 

989'^  If; 
99029 

99074, 

Q91IJ, 


.99162 

9920:; 

99251! 
99-95i 
99339 
09353 
994271 
9947ii 
995»> 
9955:'i 


990 
991 
99* 
993 
994 
995 
996 

997 
998 

99^ 


2.99564 
99607 

99^5 
99695 

99739 

9978 

99826 

9987c 

9^913 

9')9S1 


.9956i5 
99612 
99656 
99699 

9^743 
9978? 
99830 

99^7-' 

99';  J ; 

999t)i 


•99572 

99660 
99704 
99747 
99791 

9983 
9987^) 
99922 
99965 


•99577 
99621 
99664 
997.08 
99752 

99795 
9983c; 
99S8'. 
99926 
99970 


•99581 
99625 
99669 
99712 
99756 
99800 

99843 
99S87 

9993' 
99974 


.995852 
99629 

99673 
99717 
99760 
99804 
95S48 
99891 
99935 
^;9.78 


.99590 
99634 

99677 
99721 
99765 
99808 
99852 
99896 
99939 
99983 


.99594 
99638 
99682 
99726 
99769 
99813 

99856 
999c>o 

99944 
99987 


•99599 
99642 
99686 
99730 

99774 
99Sir 
99861 
99904 
9994X 
99991 


.99603 
996471 
996JIJ 

997j4{ 

997;^! 
99822; 
998651 
9990.;; 
99"^  5* 
99/^^*^ 


■Aite^aBMMM 


Tab.  XXir.   A  Tabic  of  Artificial  Sines,  Tang,  and  Sec.  o  Degree. 


M. 

±iiae» 

Cj-liftc* 

TiO  ooco 

Co-Tangp  \ 

5s;iaAt. 

Ctt-fccmC. 

I 0.00000 

IDpOPCO 

In&nhc, 

tO.Qi^OOC 

lit£ii)te. 

60 

* •4617 3 

10, CO-CO 

6.4I373 

13.53617 

lo.os  00 

13*53627 

59 

7^*7^1 

Os.OOv 

76476 

13514 

oocco 

13514 

58    ,! 

94085, 

V.OJO^ 

94Q«S 

0^515 

coo.  0 

0591s 

57 

7.o657ij 

oeiatjo 

7,06579 

12,93421 

00c  Oi:, 

11-9341' 

J6 

1 

itoi7o 

OOOOP 

16170 

Huo 

orcoo 

S3730 

55 

24188 

EX  000 

1418S 

75812 

OOOC:. 

75811 

54 

i 

'       30BB1 

COOOQ 

30881 

69118 

OOOOC^ 

eguB 

53 

366B, 

000  JO 

36681 

633^8 

eooo. 

6,31* 

5S103 

51 

9 

4*797 

000c  0 

41797 

5S103 

tOOOG 

5' 

lO 

46375 

0000^: 

46373 

53617 

00000 

53617 

fo 

II 

7*40511 

lOiCTOO^jO 

7.5051* 

11.4948S 

10 .00000 

I2,4?48a 

*3 

la 

5^*9^ 

00000 

54191 

45709 

tiOD^C' 

45709 

48 

'1 

5?7&7 

00000 

57767 

4*133 

toooo 

41133 

47 

14 

60985 

OOOCO 

60986 

39014 

OOOOu 

39015 

46 

^5 

61981 

0000  :i 

6j9«^ 

3601* 

OOOCO 

3601SI 

4S 

16 

667S4 

00030 

667S5 

333»S 

ocoo^ 

33116 

44 

J? 

694*7 

9-99999 

694^  a 

30581 

t^CQOO 

3052^3 

43 

tS 

71900 

9999^ 

71900 

18100 

coooi 

18 100 

41 

19 

74i*S 

^    99999 

7414a 

25751 

o.>o:  1 

15751 

41 

10 

76475 

99999 

76476 

13514 

CO  ,01 

13515 

40 

ai 

7,7X594 

9*99999 

7.78595 

12.21405 

I 0 . aooc 1 

1 z . 1 1406 

*i 

S0615 

9999i 

80615 

193«5 

0000 1 

193^5 

3S 

13 

8-.  545 

9&i>99 

8^546 

.      ^7454 

00001 

"745^ 

37 

24 

^^m 

99999 

84394 

15606 

000  L.  I 

15007 

36 

^S 

86j66 

99999 

£6167 

'^^33 

O'tiOt 

nSj4 

35 

16 

87870 

9999^) 

87S71 

JX.l^ 

COjOI 

11130 

34 

n 

89509 

99999 

?1,5ID 

'  -ryL 

0000 1 

10491 

33 

iS 

9J088 

99999 

I  Ki 

-^.>ji 

coooJ 

cSyii 

31 

*9 

^1612 

9^'9>J 

V  -  ^  *  > 

073S7 

OOrOl 

07  3^^ 

31 

30 

'       94084 
7.955VS 

<jf)*^:^T 

tj4o86 
7-9S>'o 

=^5914 

ODf.v-il 

c.-^t5 

■JO 

J* 

9"j^99'> 

11.044^0 

lO^COQOl 

11.04491 

3* 

96887 

9999* 

96S39 

'Vit 

0C0C2 

0^113 

iS 

33 

98125 

99?*^ 

9812^ 

0177S 

ooroi 

^^1777 

H 

34 

9^51=. 

999?^ 

r,rj  p,2 

0047:^ 

000 1;2 

00480 

16 

35 

8.00779 

9«J99S 

B>ti07ij 

11.99219 

1 0001 

11.99121 

»S 

36 

oiOoi 

i?999% 

01004 

9799* 

00001 

97998 

14 

37 

03191 

.      99997 

031^4 

96S05 

00001 

968o£ 

13 

3S 

04350 

99'j37 

04353 

95^7 

'00OC3 

956  5f^ 

11 

39 

os4?b 

99^97 

O54S1 

94519 

OC0.3 

94511; 

It 

40 

0657S 

(19997 

of^Si 

?14T9 

^0  03 

914*1 

10 

41 

4.07650 

M>.g9997 

8.07653 

11.9134.7 

ly, 00003 

11.91350 

'2    1 

43, 

0S696 

94^97 

0S700 

91300 

00003 

9n^4 

18 

43 

097  iS 

99997 

097S2 

90178 

CO  CI  3 

90?  8  J 

'7 

44 

10717 

99996 

10730 

Sf,i8o 

CO04-4 

B7183 

iS 

4S 

11^93 

9999^ 

Il6;y6 

8^304 

OC0C4 

SS307; 

15 

4& 

12647 

99996 

1165J 

87349 

C0004 

S73S6 

H 

47 

i3S«r 

99996 

13585 

86415 

000c  4 

86419 

13 

4S 

14495 

99996 

J4500 

S5500 

00004 

85505 
^4699 

11 

49 

15191 

99^^96 

J5395 

84605 

000c  5 

11 

SO 

16168 

99^9*; 

16173 

837^7 

000 . 5 

837^1 

10 

SI 

B.17J1S 

9*99995 

S, 17131 

11.8x1^67 

!  10.00C05 

ii.Sii!72 

i 

52 

1797' 

99995 

^12^^ 

81014 

CCO05 

Si  029 

%    1 

^3 

1S793 

99995 

1S804 

Sjig6 

00^05 

Si  201 

7 

H 

19610 

99995 

19616 

80384 

00005 

80390 

6 

55 

10407 

99994 

10413 

79587 

00:06 

79593 

5 

5^ 

11189 

99994 

31195 

78805 

CC006 

7SSit' 

4     1 

'     57 

*I95S 

99994 

11964 

78036 

0000  fl 

7*04^ 

3     1 

ss 

11713 

99994 

ii7r9 

77^So 

coo^^t 

77106 

^ 

59 

13456 

99994 

13462 

^""Pl 

OCrOo6 

76544 

1     1 

60 

24)86 

999*}3 

1419* 

75*1  8 

oooofc 

75814 

0 

Cw'rtne. 

Sine. 

Co-taog^ 

Cu-fLcaiit. 

becjnu 

1    ^'     , 

L 

U  u 


89  De^jree*. 


Tab/XXII.   a  Table  of  ArtStfciil  Smcs,  iTaiij,  airf  Sec.    t  thgt^ 


M. 

Sine. 

Co-fine. 

Tang. 

Co-Tang. 

Secant. 

Co-fccant. 

o 

8.24185 

9.99993 

8.24192 

11.75808 

10.00007 

11.75814 

60 

I 

24903 

99993 

24910 

75090 

00007 

.75097 

59 

% 

25609 
«  2698? 

99993 

25616 
26311 

74384 

OCO07 

74391 

58 

3 

99993 

73688 

00007 

73696 

57 

4 

99992 

26996 

73004 

00007 

73012 

56 

5 

27661 

99992 

27669 

'  7*331 

00008 

7*339 

55 

6 

28324 

99992 

28332 

71668 

00008 

71676 

54 

7 

28977 

99992 

28985 

71014 

00008 

71023 

53 

8 

29621 

99991 

29629 

70371 

C0008 

70379 

5* 

9 

30255 

90991 

30263 
8.30888 

69737 

0C009 

691^45 

51 

lO 

8.30879 

9.99991 

XX.691I2 

68495 

10.00009 

11.69121 

50 

ZI 

31495 

99991 

31505 

00009 

68505 

*2 

12 

•  32103 

99990 

32112 

67888 

00009 

67897 

48 

13 

32702 

99990 

32711 

67289 

00010 

tv^l 

47 

H 

33292 

99990 

33302 

66697 

OOOIO 

66708 

46 

IS 

33875 

99989 

33886 

66 1 14 

000 10 

66125 

45 

i6 

34450 

99989 

34461 

^5539 

00011 

65S50 

44 

17 

35018 

99989 

35029 

64971 

0001  r 

64982 

43 

i8 

35578 

99989 

35589 

64410 

00011 

64422 

42 

19 

36131 

99989 

36143 

63857 

00011 

63868 

41 

20 

8.36678 

9.99988 

8.36689 

II.63310 

10.00012 

11.63322 

40 

21 

37»'7 

99988 

37229 

62771 

00012 

62783 

H 

22 

37750 

99988 

37762 

62238 

00012 

62250 

38 

S3 

38276 

99987 

38289 

61711 

00013 

61724 

n 

24 

38796 

99987 

38809 

61191 

00013 

61204 

36 

»5 

39310 

99987 

393*3 

60677 

00013 

60690 

35 

26 

39818 

99986 

39832 

60168 

00014 

60182 

34 

27 

403*0 

99986 

40334 
40830 

59666 

00014 

59680 

33 

28 

40816 

99986 

59170 

00014 

59184 

3» 

»9 

41307 

99985 

413*1 

58679 

00015 

58693 

31 

30 

8.4179* 

9^59985 

8.41807 

11.58193 

10.00015 

11.58208 

30 

31 

42272 

^9985 

42287 

57713 

00015 

577*8 

*2 

32 

42746 

•J9984 
799984 

4*762 

57*38 

0C016 

57*54 

28 

33 

43216 

43*31 

56768 

00016 

56784 

*Z 

34 

43680 

^9984 

43696 

56304 

00016 

56320 

26 

35 

44139 

.99983 

44156 

55844 

00017 

55861 

»5 

36 

44594 

99983 

44611 

55389 

00017 

55406 

*4 

37 

45044 

99983 

45061 

54939 

90017 

54956 

aj 

38 

45489 

99982 

45507 

54493 

00018 

■  545 «o 

2a 

39 

45930 

99982 

45948 

54052 

00018 

54070 

21 

40 

8.46366 

9.99982 

8.46385 

11.53615 

10.000x8 

11.53633 

20 

41 

46798 

99981 

46317 

53183 

00019 

532Q1 

'1 

4» 

47226 

99981 

47*45 

5*755 

00019 

5*774 

18 

43 

47650 

99980 

47669 

5*331 

0CC19 

5*350 

17 

44 

48069 

99980 

48089 

51911 

00020 

51931 

16 

tl 

48485 

99980 

48505 

51495 

0C020 

51515 

»y 

48896 

99979 

48917 

51083 

00021 

51104 

»4 

47 

49304 

99979 

493*5 

50675 

OC021 

50696 

»3 

48 

49708 

99979 

497*9 

50271 

00021 

50292 

12 

49 

50108 

99978 

50130 

49870 

C0022 

49892 

11 

50 

8.50504 

9.99978 

8.50527 

11.49473 

10.0C022 

11. 49495 

10 

51 

50897 

99977 

50920 

49080 

00023 

49103 

1 

5« 

51287 

99977 

51310 

48690 

00023 

48713 

53 

51673 

99976 

51696 

48304 

00023 

48328 

7 

54 

52055 

99976 

52079 

47921 

00024 

47945 

6 

5'i 

5*434 

99976 

5*459 

47541 

00024 

47566 

5 

56 

9^8  TO 

99975 

5*835 

47165 

00025 

47190 

4 

57 

53'S3 

99975 

53208 

46792 

00025 

46817 

3 

58 

<;3S5* 

99974 

53578 

46422 

90C26 

46448 

2 

59 

539»9 

99974 

53945 

46055 

C0026 

46081 

I 

60 

5/1282 

00Q7^ 

f4'?o8 

/•  c6ox 

00026 

A^Tl^ 

0 

Co-line.  1 

Sine.  1 

Co- tang. 

Tang. 

Co-lccant. 

\    decant. 

M. 

Uh*bbh 

mmmammmi 
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Ta«. 

XX^.   A  T*k  of  Artificial  Sines, 

T«ng,  and  Sec.  2  Degrees. 

M, 

Smtf- 

Co'iine. 

Tat3g£nt. 

Co- tang. 

Secant. 

Co-fccmt* 

o 

8-54*Sa 

9,99973 

8,54309 

11*45691 

10,00036 

11.4571^ 

60 

I 

54641 

99971 

54669 

4533' 

.00017 

4S3S» 

59 

a 

14999 

99973 

55017 

44973 

00037 

45.^.00 

ss 

3 

55554 

9997* 

S53»* 

44618 

0001  a 

44646 

57      ' 

4 

55705 

999Fa 

5S734 

44^66 

QOO33 

44*95 

56 

5 

56054 

9997  J 

560143 

43917 

00039 

43946 

S5      , 

1       6 

S64«o 

99971 

56419 

43574 

00029 

43600 

5^      1 

7 

56743 

99970 

56773 

434*7 

00030 

43*57 

53 

S 

S7°H 

99970 

S7«H 

4»S86 

00030 

43916 

5a 

9 

574" 

99970 

5745* 
S,577a^ 

4154S 

00030 

4*579 

SI 

lo 

a-57757 

9*99969 

11.41111 

10-00031 

11,43143 

50 

II 

SS0S9 

99968 

5SJIJ 

41879 

00031 

4191; 

49 

Jft 

SK419 

99968 

58451 

4' 549 

COS  31 

4J5«^ 

4» 

'3 

5*747 

99967 

SS779 

41211 

0^*033 

41*53 

^l 

'4 

59071 

99967 

59'OS 

40S95 

00033 

40947 

46 

iS 

S9395 

99966 

594^* 

40574 

00033 

40605 

45      1 

i6 

597JS 

99966 

59749 

40351 

00034 

402K5 

44 

"7 

6^33 

999*5 

6oo63 

39934 

00034 

39967 

43 

i3 

60349 

99965 

6^384 

39616 

00035 

39651 

4* 

19 

6o66i 

99964 

I'l 

39303 

00035 

3933S 

41 

ao 

*.ee?975 

9.99964 

11.3*991 

10pOoo36 

11.39027 

40 

31 

6i23s 

99963 

61319 

386Sr 

00036 

38718 

39 

%Z 

6t^^g 

99963 

6j6>6 

3B374 

00037 

38411 

38 

*3 

61694 

999fia 

61931 

38069 

0003  8 

38106 

37 

34 

63196 

999^» 

61134 

37766 

00038 

37*04 

36 

as 

62496 

99961 

<i*535 

37465 

00039 

37503 

35 

46 

61795 

99961 

61S34 

37166 

00039 

37105 

34 

1    a? 

63091 : 

1       999^*3 

«3t3' 

361169 

00040 

36909 

33 

3S 

«33S5 

99960 

63416 

36574 

00040 

36615 

3* 

*9 

^3678 

99959 

63711* 

36181 

0004J 

36344 

3< 

3« 

8,63968 

9^99959 

8 ,  64009 

11,35991 

IO«O0D4I 

11.36033 

30 

31 

64356 

999SS 

64=98 

35701 

00042 

35744 

49 

31 

^4543 

99957 

645B51 

3  54' 5 

00041 

35457 

iS 

33 

64S17 

99957 

64870 

35130 

00043 

35173 

*7 

3+ 

6^xia 

99956 

65154 

34846 

00044 

34890 

16 

1     35 

65391 

99956 

^5435; 

34565 

00044 

34609 

*5 

36 

^670 

99955 

f57'5 

34*85, 

00045 

34330 

24 

37 

*5947 

^99:55 

65993 

34007 

00045 

34051 

*3 

33 

66333 

99954 

66169 

33731 

00046 

33777 

31 

39 

66497 

99^53 
9-99953 

66543 

31457 

00046 

33503 

31 

::  40 

8,66769 

3.66816 

11,33184 

10*00047 

11.33331 

10 

4* 

67039 

999^^ 

67087 

34913 

00048 

3*961 

'3 

41 

6730? 

99^51 

67356 

34644 

00048 

33691 

iS     , 

43 

^7575 

999  5  J 

67614 

3*376 

00049 

3*4*5 

17 

44 

67a4o 

99951 

67S9Q 

31J10 

OC049 

31160 

16 

45 

6S  1C4 

9995° 

6H154 

31S46 

0005Q 

31896 

IS 

46 

6S566 

99949 

63417 

3^5*3 

00051 ! 

31633 

14 

47 

6S627 

9994'> 

6S678 

31313 

00051 

31373 

13   1 

43 

fSSS6 

99948 

68933 

31061 

00051 

31114 

11     1 

49 

69144 

99947 

69196 

30S04 

00051 

30856 

11 
10 

S° 

8,69400 

9-99947 

8.69453 

11.30547 

10.C0053 

11-30600 

S' 

69654 

99946 

69  70S 

30x91 

DO054 

30346 

I 

Si 

69907 

99946 

69963 

3Q038 

00054 

30^93 

53 

70159 

99945 

702 14 

39786 

00055 

19242 

7     ' 

54 

70409 

99944 

70465 

49535 

00056 

19593 

6 

55 

70658 

99944 

707  J4 

19186 

00056 

3y344 

5 

:     56 

70905 

99943 

70963 

1903S 

00057 

39095 

4    : 

,      57 

7115^ 

99941 

7J10S 

38794 

00058 

18S49 

3 

i    s« 

71395 

9994* 

71453 

3S546 

ooojE 

1^605 

% 

f5 

71638 

9994' 

71697 

3S303 

00059 

3S35J 

I 

60 

71SSC 

9'^94'5 

7174^' 

al^rJBO 

COOS9 

iSiio 

0 

Co-fmc. 

Sine, 

Co- ting. 

Tangent, 

Co-fecinu 

Secjifiu 

M. 

U  u  2 


87  Degrees. 


Tab.  XXn.  A  Tabic  of  Artifidal  Sines,  Tang,  and  Sec.  j  Degrees. 

1  Jn. 

Sine. 

Co- line. 

Tang. 

Co- tang. 

Secant. 

Co-fcomt. 

0 

S.71S80 

9.99940 

8.71940 

XI. 18060 

xo. 00059 

XI. 28120 

60 

.    I 

7212c 

99940 

72x81 

27819 

00060 

27880 

59 

2 

7*359 

999^0 

72420 

27580 

00061 

17640 

58 

3 

7*597 

99938 

72659 

*734i 

00062 

17403 

57 

4 

72834 

99978 

72896 

*7i04 

00062 

27166 

56 

5 

73069 

999  T7 

73132 

26868 

00063 

26931 

55 

6 

73303 

99936 

73366 

16634 

00064 

26697 

54 

7 

73535 

99936 

73600 

2640c 

00064 

16465 

S3 

8 

73767 

99935 

73832 

26168 

00065 

26233 

5» 

9__ 

lO 

739'>7 

99934 

74063 
8.74292 

25''37 

00065 

2  60c  3 

51 

8.74226 

V9V934 

11.25708 

xo. 00066 

"•25774 

50 

XI 

74^54 

9  933 

745*' 

25479 

00067 

25546 

49 

12 

74680 

9993^ 

74748 

25252 

00068 

2S320 

48 

»3 

74905 

99931 

74974 

15026 

00068 

25094 

47 

H 

75130 

99931 

75199 

•  14801 

00069 

1487c 

46 

;i 

75353 

99930 

75423 

24577 

OOQ70 

14647 

45 

75575 

99929 

75645 

24355 

00070 

24425 

44 

I? 

75795 

99929 

75867 

14133 

00071 

14204 

43 

i8 

76015 

99928 

76087 

23913 

00072 

13985 

42 

19 

76234 

99927 

76306 
8.76525 

23693 

00073 

23766 

41 

20 

8.76451 

9.99926 

11.23475 

10.00073 

IX. 23549 

40 

21 

76667 

99926 

76742 

23258 

00074 

23332 

39 

22 

76883 

99925 

76958 

13042 

00075 

13117 

38 

23 

77097 

99924 

77173 

12827 

00076 

22903 

37 

24 

.  77310 

99923 

77387 

12613 

00076 

22690 

36 

»J. 

7752* 

99923 

77599 

22400 

00077 

12478 

35 

26 

■   77733 

99922 

77811 

22x89 

00078 

12267 

34 

*7 

77943 

99921 

78022 

11978 

00079 

22057 

33 

2S 

78152 

99920 

78232 

11768 

00079 

2x848 

32 

29 

78360 

99920 

78441 

215^59 

00080 

11639 

31 

30 

8.78567 

9.9991^ 

8.78649 

iii2X35i 

xo.coo8i 

II. 21432 

30  '1 

31 

78774 

99918 

78855 

21145 

00082 

2x226 

29 

3* 

78979 

99917 

79061 

10939 

00083 

2x021 

28 

33 

71/X83 

99917 

79266 

10734 

00083 

20817 

27 

34 

79386 

99916 

79470 

20530 

00084 

20614 

26 

35 

79588 

99915 

79673 

10327 

00085 

20412 

2? 

3« 

79789 

99914 

79875 

20125 

00086 

10211 

»4 

37 

79990 

99913 

80076 

19924 

00087 

20010 

13 

3« 

801S9 

99913 

80276 

19723 

00087 

I98II 

11 

39 

80388 

99912 
9.99911 

80476 

19523 

00088 

19612 

21 

40 

8.80585 

8.80674 

11.19326 

10.000S9 

IX. 19415 

10 

41 

80782 

99910 

80872 

19128 

00090 

I92I8 

19 

4» 

80978 

99909 

8106S 

18932 

V 00091 

19022 

18 

43 

81173 

99909 

81264 

18736 

00091 

18827 

17 

44 

81367 

99908 

81459 

18541 

00092 

18633 

16 

45 

81560 

99907 

81653 

18347 

00093 

18440 

'5 

46 

81752 

99906 

81846 

18,54 

00094 

X8248 

H 

47 

81944 

99905 

82038 

17962 

.00095 

18056 

1$ 

43 

82134 

99904 

82230 

17770 

00096 

X7866 

12 

49 

82324 

99904 

82420 

17579 

00097 

X7676 

11 

50 

8,82513 

9.99903 

8.81610 

11,17390 

10.00097 

IX. 17487 

10"" 

51 

82701 

999*^2 

82799 

17201 

00098 

17299 

9 

5* 

82888 

99901 

82987 

17013 

00099 

17II2 

8 

53 

83075 

99900 

83175 

16825 

00100 

16925 

7 

54 

83261 

99899 

83361 

x66'?9 

ooiox 

16739 

6 

55 

83446 

9989b 

83547 

16453 

00X02 

^6554 

5 

56 

83630 

998)8 

83732 

X6268 

00102 

16370 

4 

57 

83813 

9989:: 

83916 

16084 

00103 

X6187 

3 

58 

83096 

99896 

84100 

15900 

00104 

16004 

1- 

59 

84177 

90895 

84282 

»57'7 

00105 

15823 

X 

60 

84?':« 

-<^'4 

84464 

1-536 

CO  106 

15642 

0 
M. 

"Co- fine. " 

SiiK. 

Co-tang. 

1  iaijgciu. 

Co-)'ecant. 

becant. 

%6  '^^155.t\* 


Tab. 

XXII.  A  Tabic  of  Artificial  Sines,  Tang,  and  Sec.  4  Degrees. 

M. 

Sine. 

Co-fine. 

Tang. 

Co-tang. 

Secant. 

Co-(ccant. 

o 

8.84358 

9.99894 

8. 84464 

11.15536 

10.00106 

11.15642 

60 

I 

84539 

99893 

84645 

15355 

00107 

15461 

59  ^ 

a 

84718 

•  9989a 

84826 

15175 

00108 

15282 

58 

3 

84897 

99891 

85006 

14995 

OOIOy 

15103 

57 

4 

85075 

99890 

85185 

14814 

00109 

149*5 

56 

5 

85252 

99890 

85363 

14637 

OOIIO 

14748 

55 

6 

854^9. 

99889 

85540 

14460 

OOlIl 

14571 

54 

7 

85605 

99888 

85717 

14283 

00112 

14395 

53 

S 

85780 

99887 

85893 

14107 

COI13 

14220 

51 

9  » 

85955 

99886 

86069 

13931 

00114 

14045 

51 

50 

lO 

8.86128 

9-99885 

8.86243 

"•13757 

10.00115 

11.13872 

II 

86301 

99884 

86417 

13583 

00116 

13699 

49 

11 

86474 

99883 

86590 

13409 

00117 

13526 

48 

13 

86645 

99882 

86763 

13137 

00II8 

13355 

47 

14 

868x6 

99881 

86935 

^3065 

00119 

13183 

46 

»S 

86987 

99880 

87106 

12894 

00120 

13013 

45 

i6 

87156 

99879 

87177 

12723 

00120 

12843 

44 

«7 

873^5 

99878 

87447 

"553 

00121 

12674 

43 

iS 

87494 

99878 

87616 

12384 

00122 

12506 

4» 

'? 

87661 

.  99877 
9.99876 

87785 

12215 

00123 

12333 

41 

20 

8.87829 

8.87953 

11. 12047 

ic. 00124 

11.12171 

40 

21 

87995 

99875 

88120 

II 880 

00125 

12005 

39 

22 

88161 

99874 

88287 

11713 

00126 

11839 

38 

*3 

!!3*6 

99873 

88453 

11547 

00127 

11674 

37 

24 

88490 

99872 

886x8 

11381 

00128 

11510 

36 

*5 

!!^54 

99871 

88783 

11217 

00129 

11346 

35 

26 

88817 

99870 

88948 

11052 

00130 

T1183 

34 

»7 

88;>8o 

99869 

89111 

10889 

00131 

1 1020 

33 

28 

89142 

99868 

89274 

10726 

00132 

10858 

32 

29 

89374 

99867 

89437 

10563 

00133 

10696 

30 

30 

8.89464 

9.99866 

8.895'>8 

11.10402 

10.00134 

11.10536 

31 

89624 

99865 

89760 

10240 

00135 

10375 

29 

3* 

89784 

99864 

89920 

1C080 

00136 

10216 

28 

33 

89943 

99863 

9C080 

09920 

00137 

10057 

27 

34 

90102 

99862 

90240 

09760 

00138 

09898 

26 

H 

90260 

99861 

90399 

09601 

00139 

09740 

15 

36 

90417 

99860 

9^557 

09443 

00140 

09583 

24 

37 

90574 

99859 

90715 

09285 

00141 

09426 

^r 

3» 

90730 

99858 

90872 

09128 

00142 

0^^270 

22 

39 

90885 

99857 

91028 

08971 

OC143 

COT15 

21 

20 

40 

8.91040 

9.99856 

8.91185 

11.08815 

10.00144 

11.089^0 

41 

91195 

99855 

91340 

08660 

00145 

08805 

'  19 

4* 

91349 

99S54 

9H95 

08505 

00146 

08651 

18 

43 

91502 

99853 

91649 

08350 

00147 

08498 

17 

44 

91655 

99852 

91803 

08197 

00148 

08345 

16 

45 

91807 

99851 

91957 

08043 

00149 

08193 

15 

46 

91959 

99849 

92  no 

07890 

00150 

08041 

14 

47 

92110 

99848 

92262 

07738 

'  00I5I 

07890 

13 

4« 

92261 

99847 

92414 

07586 

00153 

07739 

12 

49 

9*411 

99846 

92565 

^743  5 

COI54 

07589 

II 

10 

50 

8.92561 

9.99845 

8.9271b 

11.07284 

10.00155 

11.07439 

51 

92710 

99844 

92866 

07134 

00156 

07290 

9 

5* 

928<;9 

99843 

93015 

06984 

00157 

07141 

8 

53 

93007 

99842 

93165 

C6835 

00158 

06993 

7 

S4 

93154 

90841 

93313 

06687 

00159 

06846 

6 

55 

93301 

99840 

93462 

06538 

00160 

0669S 

5 

56 

'   93448 

99839 

93609 

06391 

00161 

06552 

4 

57 

.   93594 

99838 

93756 

06243 

00162 

06406 

3 

58  , 

93740 

99837 

93903 

06097 

00163 

06260 

2 

1^ 

93885 

99835 

94049 

05951 

60164 

06115 

I 

60 

94C3C 

-9834 

041-5 

05805 

00166 

05070 

0 

t?=5? 

Co-  line. 

Sine.   1 

Co- tang. 

'1  angent. 

Co-lecant. 

Secant. 

M. 

^3  Dcgrcc»« 


Tab. 

XXII.  A  Tabic  of  Artificial  Sines,  Tang,  and  Sec.  5  Degrees, 

M. 

Sine. 

Co-fine. 

Tangent. 

Co-tug. 

Secant. 

Co-fecant. 

o 

8.94030 

9.99834 

8.94x95 

J I. 05805 

10.00166 

11.05970 

60 

I 

•94174 

99833 

94340 

05660 

00167 

05826 

59 

2 

94317 

99832 

94485 

05515 

00168 

05683 

58 

3 

94461 

99831 

94629 

05370 

00169 

05539 

H 

4 

94603 

99830 

94773 

05227 

00170 

05397 

56 

5 

94746 

99829 

94917 

05P83 

00171 

s   05254 

55 

6 

94887 

99828 

95060 

04940 

00x72 

05113 

54 

7 

95029 

99827 

95«)2 

04798 

00173 

04971 

53 

8 

95170 

99825 

95344 

04656 

00174 

04830 

5» 

9 

95.310 

99824 

95486 

04514 

00175 

04690 

51 

lO 

8.95450 

9.9^23 

8.95^27 

11.04373 

10.00177 

11.04550 

50 

IX 

95590 

99822 

95767 

04233 

00178 

04411 

:t 

xz 

95728 

99821 

95907 

04092 

00179 

04272 

13 

95867 

99820 

96047 

03953 

00x80 

04133 

47 

H^ 

96005 

99819 

96187 

03813 

00181 

03995 

46 

'5 

96143 

998x7 

96325 

03675 

00183 

03857 

45 

x6 

96280 

99B16 

96464 

03536 

00184 

03720 

44 

>7 

96417 

99815 

96602 

03398 

00x85 

03583 

43 

iS 

96553 

99814 

96739 

03261 

00186 

03447 

4» 

19 

96689 

99813 

96877 

03123 

00187 

03311 

41 

20 

8.96825 

9.99812 

8.97013 

11.02987 

10.00188 

11.03175 

40 

" 

96960 

99810 

97150 

02850 

00190 

03040 

5? 

22 

97055 

^9809 

972^5 

0^714 

00191 

02905 

38 

*3 

97»29 

99808 

97421 

02579 

00192 

02771 

H 

»4 

97361 

99807 

97556 

02444 

00193 

02637 

36 

»5 

97496 

998^)6 

97691 

02309 

00194 

02504 

35 

26 

97629 

99804 

97825 

02175 

00196 

02371 

34 

a? 

97762 

99803 

97959 

02041 

00197 

02238 

33 

28 

97894 

99802 

9^092 

01908 

00198 

02106 

3» 

29 

98026 

99801 

98225 

01775 

00T99 

01974 

3X 

30 

8.98157 

9.99800 

8.98358 

II. 01642 

lo. 00200 

11.01843 

30  ^ 

3' 

98288 

99798 

98490 

01510 

00202 

01712 

29 

3* 

98419 

99191 

98622 

oi37« 

00203 

01581 

28 

33 

98549 

99796 

98753 

01247 

00204 

01450 

a? 

34 

98679 

99795 

98884 

01116 

00205 

01321 

26 

^1 

98808 

99793 

99015 

00985 

00206 

01192 

a5 

36 

98937 

99792 

99M5 

00855 

00208 

01063 

a4 

37 

99066 

99791 

99»75 

00725 

00209 

00934 

a3 

38 

99194 

99790 

99405 

00595 

00210 

00806 

22 

39 

99322 

99788 

99534 

00466 

00211 

00678 

21 

40 

8.99450 

9.99787 

8.99662 

11.00338 

10.00213 

11.00550 

ao 

41 

99577 

99786 

99791 

00209 

00214 

00423 

19 

4» 

90704 

99785 

99919 

00081 

00215 

00296 

18 

43 

99830 

99783 

9.00046 

10.99954 

00216 

00170 

17 

44 

99956 

99782 

00174 

99826 

00218 

00044 

16 

45 

9.000J52 

99781 

00301 

99699 

00219 

JO. 99918 

15 

46 

00207 

997S0 

00427 

99573 

00220 

^,'^61 

14 

47 

00332 

99779 

00553 

99447 

002  22 

13 

48 

00456 

9T,11 

00679 

99321 

00223 

99544 

12 

49 

00580 

99776 

00805 
9.00930 

99195 

00224 

99419 

11 

SO 

9.00704 

9-99774 

10.99070 

10.00225 

10.99296 

10 

51 

00828 

99773 

01055 

98945 

00227 

99172 

9 

5* 

00951 

9911-^ 

01179 

98821 

00228 

99049 

S 

53 

01074 

9977' 

01303 

98697 

00229 

98926 

7 

54 

01196 

99769 

01427 

98573 

00231 

98884 

6 

55 

01318 

99768 

01550 

98450 

00232 

98682 

5 

56 

0x440 

99767 

0x673 

98327 

00233 

98560 

4 

H 

01 56 1 

99765 

01796 

98204 

00234 

98439 

3 

58 

01682 

99764 

01918 

98082 

00236 

98318 

2 

59 

01803 

99763 

02040 

97960 

00237 

98197 

I 

00 

0102^ 

00761 

02162 

97838 

00239 

98077 

0 

M.  1 

Co- tine. 

Sine. 

Co-tang. 

Tangent. 

Co-fecant. 

Secant. 

■■■■■S^W 

^^^S?^^ 


1* AB.  XXII.  A  tabic  of  Artificial  Sin«,  tang,  arfd  Sec.    6  DcgKO, 


M. 

Sine. 

Co-fine. 

Tangent. 

Co-ttng. 

Secan^ 

Co-fectnt. 

9.01923 

9.99761 

9.02162 

10.97838 

10.00239 

10.98076 

60 

02043 

99760 

02283 

97717 

00240 

97956 

59 

02163 

99759 

02404 

97596 

00241 

97837 

58 

02283 

99757 

02525 

97475 

00243 

97717 

H 

02402 

99756 

02645 

97354 

00244 

97598 

56 

5 

02520 
02639 

99755 

02765 

97*34 

00245 

97480 

55 

6 

99753 

02885 

97115 

00247 

97361 

54 

7 

02757 

9975a 

03005 

96995 

00248 

97*43 

53 

8 

02874 

9975  J 

03124 

96876 

00249 

97126 

Sa 

9 

02992 

99749 

03242 

9^757 

00251 

97008 

51 

lO 

9.03109 

9.99748 

9.03361 

10.96639 

10.00252 

10.96891 

50 

II 

03226 

99747 

03479 

96521 

00253 

9^774 

n 

It 

0334a 

99745 

03597 

96403 

00255 

96658 

48 

'3 

03458 

99744 

037x4 

96286 

00256 

96542 

47 

14 

03574 

9974a 
^9741 

03832 

96168 

00257 

96426 

46 

IS 
i6 

03690 

03948 

96051 

00259 

96310 

45 

03805 

99740 

04065 

95935 

00260 

96195 

44 

'Z 

03920 

99738 

04181 

95819 

00262 

96080 

43 

iS 

04034 

99737 

04297 

95703 

00263 

95966 

4a 

19 

04149 

99735 

04413 

95587 

00264 

95851 

41 

20 

9.04262 

9-99734 

9.04528 

10.95472 

10*00266 

10.95737 

40 

21 

04376 

99733 

04643 

95357 

00267 

95624 

39 

22 

04489 

99731 

04758 

95242 

00269 

95510 

38 

*3 

04603 

99730 

04873 

95127 

00270 

95397 

H 

»4 

04715 

99728 

04987 

95013 

00271 

95285 

36 

as 

04828 

99727 

05101 

94899 

00273 

95>72 

35 

26 

04940 

99726 

05214 

94786 

00274 

95060 

34 

*Z 

a5052 

99724 

05328 

94672 

G0276 

94948 

33 

«8 

05164 

99723 

05441 

94559 

00277 

94836 

32 

*9 

05275 

99721 

05553 

94447 

00279 

947^5 

3» 

30 

9.U5386 

9.9972c 

9.05666 

10.94334 

10.00280 

10.94614 

30 

31 

05497 

99718 

05778 

94222 

00281 

94503 

29 

32 

05607 

99717 

05890 

94 1 10 

00283 

94393 

28 

33 

05717 

99716 

06002 

93998 

00284 

94283 

a7 

34 

05827 

997  >4 

06113 

93887 

00286 

94173 

26 

^ 

05937 

99713 

06224 

93776 

00287 

94063 

as 

36 

06046 

99711 

06335 

93665 

00289 

93954 

24 

H 

06155 

99710 

06445 

93555 

00290 

93845 

a3 

3« 

06264 

99708 

06556 

93444 

00292 

93736 

22 

39 

06372 

99707 

.  06665 

93334 

00293 

93628 

21 

40 

9.06481 

9.99705 

9.06775 

10.93225 

10.00295 

10.93519 

20 

41 

06588 

99704 

06885 

93115 

00296 

93411 

19 

4a 

06696 

99702 

06994 

93006 

00298 

93304 

18 

43 

06804 

99701 

07103 

92897 

00299 

93196 

17 

44 

06911 

99699 

07211 

92789 

00301 

93089 

16 

^? 

07C18 

e  99698 

07320 

92680 

00302 

92982 

15 

46 

07124 

99696 

07428 

92572 

00304 

92876 

14 

47 

07231 

99695 

07536 

92464 

00305 

92769 

13 

48 

07337 

99693 

07643 

9^357 

00337 

92663 

12 

49 

07442 

99692 

07750 
9.07858 

92249 

00308 

92558 

11 

50 

9.07548 

9.99690 

10.92142 

10.00310 

10.92452 

10 

SI 

07653 

99689 

07964 

92036 

00311 

9^347 

9 

5» 

07758 

99687 

08071 

91929 

00313 

92242 

8 

53 

07863 

99686 

08177 

91823 

00314 

92137 

7 

54 

07968 

99684 

08283 

91717 

00316 

92032 

6 

55 

08072 

•   99683 

08389 

91611 

00317 

91928 

5 

56 

08176 

99681 

08495 

9i5o<; 

00319 

91824 

4 

57 

08280 

99680 

08601 

91400 

00320 

91720 

3 

58 

08383 

99678 

08705 

91295 

00322 

91617 

2  . 

59 

08486 

99677 

o83io 

91100 
91086 

00323 

91514 

I 

60. 

08589 

99675 

08914 

00325 

9 141 1 

0 

.  ' 

Co-fine. 

Sbie. 

Co-tang. 

Tangent. 

Co-fecanl. 

Secant, 

M. 

83  Degrees* 


Tab. 

XXn.  A  Tabic  of  Artificial  Sines,  Tang,  and  Sec.  9  Degrees^ 

M. 

Sine. 

Co-fine. 

Tang. 

Co-Tang. 

Secant. 

Co-fecsmt. 

o 

9.19433 

9.99462 

9.19971 

10.80029 

10.0C538 

10.80567 

60 

I 

19513 

99460 

.20053 

79947 

00540 

80487 

59 

% 

1959a 

99458 

20134 

79865 

00542 

80408 

58 

3 

1967^ 

99456 

20216 

79784 

00544 

80328 

57 

4 

19751 

99454 

20297 

79703 

00546 

I0249 

56 

5 

19S30 

9945* 

20378 

79621 

00548 

80170 

55 

6 

19909 

99450 

10459 

79541 

00550 

80091 

54 

7 

19988 

99448 

20540 

79460 

00552 

80012 

53 

S 

20067 

99446 

20621 

79379 

00554 

79933 

52 

9 

2014? 

99444 

20701 

79299 

0C556 

79855 

51 

to 

9.20223 

9.99442 

9.20782 

10.79218 

10.00558 

10.79777 

50 

II 

20302 

99440 

20S62 

79138 

00560 

79698 

49 

12 

20380 

99438 

20942 

79058 

00562 

79620 

48 

»3 

20458 

99436 

21022 

78978 

00564 

79542 

47 

14 

»o535 

99434 

21102 

78898 

00566 

79465 

46 

"5 

20613 

9943* 

2Il3l 

78818 

00568 

79387 

45 

i6 

20691 

99429 

21261 

78739 

00570 

79309 

44 

17 

20768 

994^7 

21340 

78659 

C0573 

79232 

43 

i8 

20845 

99425 

21420 

78580 

00575 

79155 

42 

19 

20922 

99423 

21499 

78501 

00577 

79078 

41 

20 

9.20999 

9.99421 

9.21578 

io»78422 

10.00579 

10.79001 

40 

21 

21076 

99419 

21657 

78343 

00581 

78924 

39 

22 

21153 

99417 

21736 

78264 

00583 

78847 

38 

as 

21229 

994'5 

21814 

78186 

00585 

78771 

37 

»4 

21305 

99413 

.21893 

781C7 

00587 

78694 

36 

*l 

21382 

9941 1 

21971 

78029 

00589 

78618 

35 

26 

21458 

99409 

22C49 

779SI 

00591 

78542 

34 

27 

ai534 

99407 

22127 

77873 

00593 

78465 

33 

2% 

21610 

99404 

22205 

77795 

00595 

78390 

3» 

a9 

2i66(; 

qQ402 

22283 

77717 

00598 

78315 

31 

30 

9.21761 

9.99400 

9.22361 

10.77639 

10.C0600 

10.78239 

30 

31 

21836 

99398 

22438 

77562 

oc6o2 

78164 

^9 

3» 

21912 

99396 

22516 

77484 

OC604 

78088 

28 

33 

21987 

99394 

22593 

77407 

00606 

78013 

27 

34 

22062 

99392 

22670 

77330 

00608 

77938 

26 

35 

22137 

99390 

22747 

77253 

00610 

77863 

as 

36 

222 II 

99388 

22824 

77177 

00612 

77788 

a4 

37 

22286 

99385 

22901 

77099 

00615 

77714 

»3 

33 

22361 

99383 

22977 

77022 

00617 

77639 

22 

39 

"435 

9Q3S1 

23054 

76946 

00619 

77565 

21 

40 

9.22509 

9-99379 

9.23130 

10.76870 

10.00621 

10.77491 

20 

41 

22583 

99377 

23206 

76793 

C0623 

77417 

19 

42 

22657 

99375 

23283 

76717 

0^625 

77343 

18 

43 

22731 

99372 

^3355 

76641 

00628 

77269 

17 

44 

22805 

99370 

^3435 

76565 

00630 

77195 

16 

45 

22878 

99368 

23510 

7649c 

00632 

77122 

15 

46 

22952 

99366 

23586 

76414 

00634 

77048 

14 

47 

23025 

99364 

23661 

7.6339 

00636 

76975 

13 

48 

23098 

99362 

*3737 

76263 

00638 

76902 

I* 

49 

23171 

993';9 

-  238.2 

76188 

00641 

76820 

II 

50 

9.23244 

^•99357 

9.23887 

10.76113 

10.C0643 

10.76756 

10 

5^ 

^3317 

99355 

23962 

76038. 

C0645 

76683 

9 

5^ 

23390 

99353 

24037 

75963 

C0647 

76610 

8 

53 

23462 

9935' 

24ri2 

75888 

00649 

76538 

7 

54 

23535 

99348 

24186 

75S13 

00652 

76465 

6 

55 

23607 

99346 

24261 

75739 

00654 

76393 

5 

56 

23679 

99344 

24335 

75665 

00656 

76321 

4 

57 

23751 

99342 

24410 

75590 

006  5  8 

76248 

3 

58 

23823 

99340 

24484 

75516 

00660 

76177 

2 

59 

23895 

99337 

24558 

75442 

C0663 

76105 

1 

60 

23067 

00^'^'; 

2463'? 

7r/^8 

00665 

76033 

0 

Co-nne. 

Sine.   1 

Co-tang,  j 

'I'ang. 

Co-iecanc. 

1  5ccan«. 

M.j 

%g"Dt^\^^H 


Tab.  XXn.  A  Table  of  Artificial  Sines,  Tang,  and  Sec.  loDegrces. 


M. 

Sine. 

Co-fine. 

Tangent. 

Co-tang. 

Secant. 

Co-fecant. 

o 

9.23967 

9*99335 

9.24632 

10.75368 

10.00665 

10.76033 

60 

I 

24039 

99333 

24706 

75194 

00667 

75961 

5? 

% 

^4410 

9933" 

14779 

75221 

00669 

75890 

58 

3 

24181 

99328 

24853 

75H7 

00672 

75819 

57 

4 

24253 

99326 

2492^ 

75074 

00674 

75747 

56 

24324 

99314 

25000 

75000 

00676 

75676 

55 

6 

14395 

99322 

25073 

74917 

00678 

75605 

54 

7 

24466 

99319 

25146 

74854 

00680 

75534 

53 

8 

24536 

'  99317 

25219 

74781 

00683 

75464 

5« 

9 

24607 

99315 

25292 

74708 

00685 

75393 

51 

lO 

9.24677 

9.99313 

9.25365 

10.74635 

10.00687 

10.75313 

50 

IZ 

24748 

99310 

15437 

74563 

00690 

7  5' 51 

^l 

12 

24818 

99308 

25510 

74490 

00692 

75182 

48 

13 

24888 

99306 

25582 

74418 

00694 

75111 

47 

14 

24958 

99304 

15655 

74345 

00696 

75041 

46 

15 

25028 

99301 

15717 

74173 

00699 

74971 

45 

16 

25098 

99199 

25799 

74101 

00701 

74901 

44 

17 

25168 

99197 

25871 

74129 

00703 

74831 

43 

18 

»5»37 

99294 

15943 

74057 

00706 

74762 

41 

19 

253*37 

99191 

26015 

73985 

00708 

74693 

41 

ao 

9.25376 

9.99290 

9.26086 

10.73914 

10.00710 

10.74623 

40 

2Z 

»5445 

992«« 

26158 

73841 

00712 

^^^11 

39 

22 

15514 

99285 

26229 

73771 

00715 

74486 

38 

23 

^5583 

99283 

26301 

73699 

00717 

74417 

H 

*4 

25652 

99281 

26372 

73628 

00719 

74348 

36 

*s 

25721 

99278 

26443 

73557 

00722 

74179 

35 

26 

25790 

99276 

26514 

73486 

00724 

74110 

34 

^7 

25858 

99174 

26585 

73415 

00726 

74141 

33 

28 

25927 

99271 

26655 

73344 

00729 

74073 

31 

a9 

»5995 

99169 

26726 

73174 

00731 

74005 

31 

30 

9.26063 

9.99267 

9.26797 

10.73203 

10.00733 

10.73937 

30 

31 

26131 

99264 

26S67 

73133 

00736 

73869 

29 

31 

26199 

99262 

26937 

73063 

00738 

73801 

28 

33 

26267 

99260 

27008 

72992 

00741 

73733 

17 

34 

26335 

99157 

27078 

72922 

00743 

73665 

s6 

35 

26403 

99155 

27148 

72852 

00745 

73597 

15 

36 

26470 

99252 

27218 

72782 

00747 

73530 

14 

37 

26538 

99250 

27288 

72712 

00750 

73462 

13 

38 

26605 

99248 

17357 

72643 

00752 

73395 

22 

39 

26672 

99145 

27427 

71573 

00755 

73318 

21 

40 

9.26739 

9.99243 

9.27496 

10.72504 

10.00757 

10.73261 

20 

41 

26806 

99241 

27566 

71434 

00759 

73193 

19 

42 

26873 

99238 

17635 

72365 

00762 

73127 

18 

43 

26940 

99236 

27704 

72296 

00764 

73060 

17 

44 

27007 

99233 

17773 

72227 

00766 

71993 

16 

45 

27073 

99231 

27842 

72158 

00769 

72927 

15 

46 

27140 

99229 

279,1 

72089 

00771 

^2860 

14 

47 

27206 

99226 

27980 

72020 

00774 

71794 

13 

4« 

27273 

99224 

28049 

71951 

00776 

71717 

12 

49 

17339 

99221 

28117 

71883 

00779 

72661 

II 

50 

9.27405 

9.99219 

9.2S186 

10.71814 

10.00781 

10.72595 

10 

SI 

27471 

99217 

28254 

71746 

00783 

71519 

9 

5» 

17537 

99214 

28323 

71677, 

00786 

72463 

S 

53 

27602 

96212 

28391 

71609 

C0788 

72398 

7 

54 

27668 

99209 

28459 

71541 

00791 

72332 

6 

^1 

-  17734 

99207 

28527 

71473 

C0793 

72266 

5 

27799 

99204 

28593 

71405 

00796 

72201 

4 

57 

27864 

99202 

. 28662 

71338 

00708 

72136 

3 

5« 

27930 

99200 

28730 

71270 

00800 

72070 

2 

59 

17995 

99197 

28798 

71202 

00803 

72C05 

t 

60 

28060 

9oi<)'> 

2886(5 

71135 

00805 

71940 

0 

Co-line.  | 

Sine.  1 

Co-Ung.  1 

Tangent. 

Co-fecant. 

Secant. 

M. 

Xxz 


'j^  Degrees, 


Tab.  XXII.  A  Tabic  of  Artificial  Sines,  Tang,  and  Sec.  ig  Degrees. 

M» 

Sine. 

Co-fine. 

Tang. 

Co-tang. 

Secant. 

.Co-fecant. 

o 

9.51264 

9.97567 

9. 53697 

10.46303 

10.01433 

10.48736 

60 

z 

51301 

97563 

53738 

46262 

02437 

48699 

59 

a 

5>337, 

97558 

53779 

46221 

02442 

48662 

58 

3 

5"374 

97554 

53820 

46180 

01446 

48626 

^Z 

4 

51411 

97550 

53861 

46139 

02450 

48589 

56 

5 

5 '447 

97545 

53901 

46098 

o*45S 

48553 

55 

6 

51484 

97541 

53943 

46057 

02459 

485-6 

54 

7 

51520 

97536 

53984 

46016 

02464 

^48480 

53 

S 

5«557 

9753* 

54025 

45975 

C2468 

48443 

5* 

9 

5'593 

97528 

54065 

45935 

01472 

48407 

51 

lo 

9.51629 

9.975*3 

9.54106 

10.45894 

10.02477 

10.48371 

50 

II 

51666 

975^9 

54H7 

45853 

02481 

*5"4 

:i 

12 

51702 

975H 

54187 

45813 

02485 

48198 

13 

51738 

97510 

54228 

4577* 

02490 

48162 

*? 

»4 

51774 

97506 

54269 

4573* 

02494 

48*^6 

46 

»5 

5181X 

97501 

54309 

456(1 

02499 

48189 

4i 

i6 

51847 

97497 

54350 

45650 

02503 

48153 

44 

17 

51883 

9749* 

543!/0 

45610 

02508 

481 17 

43 

i8 

5'9'9 

97488 

54431 

45569 

02512 

48081 

4* 

19 

5«95S 

97484 

54471 

455*9 

02516 

48045 

41 

20 

9.51991 

9-97479 

9-5451* 

10.45488 

IC.02521 

10.48009 

40 

Zl 

52027 

97475 

5455* 

45448 

.02525 

47973 

^S 

22 

52063 

97470 

54593 

45407 

02530 

47937 

38 

*3 

52099 

97466 

54633 

45367 

02534 

47901 

37 

»4 

52135 

.  97461 

54673 

*53;6 

02539 

47865 

36 

»S 

52171 

97457 

54714 

45186 

02543 

47529 

35 

26 

5Z207 

9745* 

54754 

45246 

02547 

47793 

34 

«7 

52242 

97448 

54794 

45206 

02552 

47758 

33 

28 

52278 

97444 

5483s 

45165 

02556 

477** 

3* 

29 

5»3'4 

Q7439 

5487$ 

451*5 

02561 

476S6 

_3i_ 

30 

30 

9.52350 

9-97435 

9.54915 

io.4;o85 

10.02565 

10.47650 

3« 

5*385 

97430 

54955 

45045 

02570 

47615 

19 

3» 

52421 

97426 

54995 

45005 

o*<74 

47579 

28 

33 

52456 

974*1 

55035 

44965 

OS  5  79 

47544 

17 

34 

5249* 

97417 

55075 

449*5 

02583 

47508 

16 

35 

5*527 

97412 

55"5 

44885 

02588 

47473 

*5 

36 

52563 

97408 

55155 

44845 

02592 

47437, 

*4 

37 

52598 

97403 

55195 

44805 

02597 

47402 

»3 

38 

5*634 

97399 

55*35 

44765 

02601 

47366 

21 

39 

52669 

97394 

55*75 

447*5 

02606 

47331 

21 

20 

40 

9.52705 

9  97390 

9-55315 

10.44685 

10.02610 

10.47295 

41 

52740 

97385 

5S355 

44645 

"02615 

47260 

*2 

4» 

5*775 

97381 

•  55395 

44605 

02619 

47**5 

18 

43 

52810 

97376 

55434 

44566 

02624 

47189 

17 

44 

52846 

9737* 

55474 

445*6 

02628 

47154 

16 

45 

52881 

97367 

55514 

44486 

02633 

47119 

»5 

46 

52916 

97362 

55554 

44446 

02637 

47084 

14 

47 

5^951 

97358 

55593 

44407 

02642 

47049 

13 

48 

52986 

97353 

55633 

44367 

02647 

47014 

12 

49 

53021 

97349 

55673 

443*7 

02651 

46979 

II 

50 

9.53056 

9-97344 

9-557" 

10.44288 

JO. 02656 

10.46944 

10 

51 

53091 

97340 

5575* 

44*48 

•  *  oa66o 

46908 

1 

5* 

53126 

97335 

55791 

44209 

02665 

46873 

53 

'  53161 

97331 

55831 

44169 

02669 

46839 

7 

54 

53196 

97326 

55870 

44130 

02674 

46804 

6 

55 

53231 

97322 

.  55910 

44090 

02678 

46769 

5 

56 

53266 

97317 

55949 

44051 

02683 

46734 

4 

57 

53301 

97312 

55989 

44011 

02688 

46699 

3 

58 

53336 

97308 

56028 

^397* 

02692 

46664 

1 

59 

53370 

97303 

56067 

43933 

02697 

46630 

I 

60 

5^.405 

97299 

;;6io7 

4389^ 

02701 

46595 

0 

i 

Co-  Tine. 

^  S\nt. 

\  Co-xan^. 

\  'V^.U^'ttNl.  \ 

^Co-lecant. 

Secanc. 

M. 

k 

k  T^flkOYcv^e 

•^^■W^^r 

Tab.  XXIL  A  Table  of  Artificial  Sines,  Tang,  and  Sec,  ^o  Degwt. 


M. 


lO 

II 

12 

«3 

14 
15 

16 

17 
iS 
»9 


%i 
ai 
as 

•4 

»5 

»7 
28 

»9 


30 
31 
3» 
33 
34 
35 
36 

37 
38 
39 


40 
41 
4» 
43 

44 
45 
46 

47 
48 
49 


50 
51 
51 
53 
54 
55 
56 
57 
58 
59 
60 


Sine. 


9-53405 

53440 
53475 
53509 
53544 
53578 
53613 
53647 
53682 
53716 


9'5375« 

53785 
53819 

53854 
53888 

53^22 

53957 
53991 
54025 

54059 


9.54093 

541*7 
54161 

54195 
54219 
54263 
54*97 
54331 
54365 
54199 


9*5443* 
54466 
54500 
54534 
54567 
54601 

54635 
54668 
54702 
54735 


9-54769 
54802 
54836 
54869 

54903 
54936 
54969 
5SP03 
55036 
55069 


9.55102 
55136 
55169 

.  55*02 
55*35 
55268 
5S30I 
55334 
55367 
55400 

5S433 


Co-fiDC. 


9.97299 
97294 
97289 
97285 

97280 

97275 
97271 

97266 
97262 

97*57 


9.97252 
97248 

97243 
97238 

97*34 
97229 
97224 
97220 
97215 
97210 


9.97206 
97201 
97196 
97192 
97187 
97182 
97178 
97173 
97168 
97163 


•97'59 
97154 
97149 
97145 
97140 

97135 
97130 
97126 
97121 
97116 


9.97111 
97106 
97102 
97097 
97092 
97087 
97083 
97078 
97073 
97068 


9.97063 
97059 
97054 
97049 

97044 
97039 
97034 
97030 
97025 
97020 
Q7015 


Taogent. 


.56107 
56146 

56185 
56224 
56264 

56303 
56342 

56381 
56410 
56459 


9.56498 

56537 
56576 

56654 
56693 
5673* 
56771 
56810 
56849 


9.56887 
56926 

56965 
570C4 
57042 
57081 
57120 
57158 
57197 

57*35 

9*57*74 
5731* 
57351 
57389 
574*8 
57466 
57504 
57543 
57';8i 
57619 


9.57658 
57696 
57734 
5777* 
57810 

57849 
57887 
579*5 
57963 
58001 


9.58039 
58077 
58115 
58153 
58191 
58229 
58267 
58304 
5834* 
58380 
58418 


Co-tang. 


10.43893 
43854 
43815 
43776 
43736 
43697 
43658 
43619 
43580 
43541 


10.4350* 
43463 
434*4 
43385 
43346 
43307 
43268 

43**9 
43190 
43151 


10.43113 
43074 
43035 
4x996 

4*958 
4*919 
42880 
42842 
42803 
4*765 


10.42726 
42688 

4*649 
426 II 

42572 
4*534 
4*496 
4*457 
4*419 
4*381 


Secant. 


10.02701 
02706 
02711 
02715 
02720 
02724 
02729 
02734 
02738 
02743 


10.0274; 
o»75^ 
02757 
02762 
02766 
02771 
02776 
02780 
02785 
02789 


10.02794 
02799 
02804 
02808 
02813 
02818 
02822 
02827 
02832 

0*837 


10.42342 

42304 
42266 
42228 
42190 
4*151 
4*113 
42075 
42037 
41999 


10.41961 
41923 
41885 
41847 
41800 
41771 
41733 
41696 
41658 
41620 
4M^* 


WWffi^ 


Co-line.  )     Sine.     |   Co-cang.  |  Tangent. 

69  Degrees, 


10.02841 
02846 
02851 
02855 
02860 
02865 
02870 
02874 
02879 
02884 


10.02889 
02893 
02898 
02903 
02908 
02913 
02917 
02922 
02927 
02032 


10,02937 
0294 1 
02946 
02951 
02956 
02961 
02965 
02970 
02975 
02980 
02085 


Co-fecant. 


10.46595 
4656c 
46525 
46491 

46456 
46422 

46387 
46353 
46318 
46284 


10.46249 
46215 
46181 
46146 
46112 
46078 

46043 
46009 

45975 
45941 


10.45909 
45873 
45839 
45805 

45771 
45737 
45703 
45669 

45635 
45601 


10.45567 

45534 
45500 
45466 
45433 
45399 
45365 
4533* 
45*98 
45265 


10.45231 
45198 
45164 
4513 
45097 
45064 

45031 
44997 
44964 

44931 


10.44898 
44864 

44831 

44798 

44765 

4473* 

4469 

44666 

44633 
44600 
44';67 


Co-fccaiit.  \   SecMvt.    \   Vl^ 


59 

58 

f6 
55 
54 
53 
5* 
51 


50 
49 
48 
47 
46 

45 
44 
43 
4* 
4' 


40 

35 
J4 
33 
3» 

30 
*9 
28 
27 
26 
*5 
*4 
43 
22 
21 


19 
18 

»7 
16 

«5 
H 
»3 
12 

IX 


7 
6 

5 

4 
3 

ft 
I 
o 


Ta»,  XXII,   ATaWc  of  Amfidal  Sines,  Tang,  and  Sec.  u  Degccct, 

M, 

Sinc< 

Csj-fijlt* 

Tang. 

Co-tang. 

Src4!it- 

CrtfccitjC, 

o 

9,i»ofio 

9,99195 

9.^SS65 

io.7'i3S 

lOtOoKo*; 

10.71940 

60 

I 

18115 

99191 

»89J3 

71067 

ooSoB 

71*75 

59 

% 

38193 

99190 

39000 

71000 

ooSio 

71810 

ss 

3 

2S254 

99J*7 

A9067 

70933 

00S13 

71746 

57      : 

4 

i»3i9 

991S5 

19134 

70S6G 

00*15 

71681 

5^ 

5 

»S3S4 

99181 

29301 

70799 

ccS]8 

71616 

55 

6 

aS44« 

991^0 

3916a 

70731 

00810 

71351 

54 

;        7 

18513 

99177 

^9335 

70665 

00813 

714K8 

53 

S 

i3  57« 

99'7S 

294*-^ 

70598 

00825 

714^3 

51 

9 

38641 

99171 

1946S 
9-59535 

70531 

00S18 

71359 

51 

so 

9p3S7t'5 

y. 99170 

10,70465 

10*00830 

io<7ii95 

50 

U 

1*769 

99167 

396QI 

70399 

00*33 

71131 

49     1 

11 

*8833 

99165 

3966S 

7033a 

00835 

71167 

48     ' 

^3 

113896 

99161 

19734 

70266 

00838 

71104' 

47 

14 

3.6^60 

91 160 

29800 

70200 

00840 

7^040 

4fi 

n 

390:4 

99 '57 

29S66 

7f>i34 

00843 1 

70975 

45 

is 

3901^7 

99^55 

19931 

7  006* 

00*45 

70913 

44     , 

1     '7 

391  SQ 

99152 

1999S 

70001 

00*48 

70*50 

43 

t% 

19^14 

99150 

30064 

69936 

00850 

707*61 

4i 

jq 

15177 
9.29340 

99147 

30J30 

69870 

00853 

70713 

41 

9.99145 

9,30195 

^0*69805: 

10.00*55 

10-70660 

40 

21 

29403 

9914a 

30161 

69739 

00*5  fei 

70597 

39 

%% 

39466 

V    99  M^ 
^  99"37 

30316 

69674 

00*60 

70534' 

3S 

n 

39529 

30391 

69609 

00*63 

7<^47> 

37      1 

14 

39591 

99' 3  S 

30457 

^^9543 

00S65 

70409 

36 

'     »5 

»:Jf'54 

99  J  51 

30511 

69478 

0086* 

70346 

35 

36 

19716 

99130 

30SR7 

694J3 

00*70 

70184 

34 

17 

»9779 

99117 

30652 

69348 

00S73 

70211 

33 

iS 

19S41 

99114 

30717 

SgiSj 

00876 

70159 

3* 

^9 

199-1 

993*2 
9*99111' 

307*1 

691 1 8 

00*78 

70097 

31 

30 

9.19966 

9,30846 

10,69154 

^o. 00^*1 

10*70034 

3^^ 

31 

30018 

99"7 

30911 

69089 

00**  J 

69971 

29     , 

51 

3DO90 

99114 

30975 

69015 

00**6 

69910 

1* 

33 

3°iSt 

99111 

31040 

6Sf96o 

ooE*8 

69849 

17 

34 

30213 

99109 

31104 

68S96 

00S91 

697S7 

16 

35 

3y^7S 

99106 

31168 

68*11 

00*94 

69715 

15 

36 

3C336 

99304 

31133 

6*767 

00*96 

69664 

24 

37 

30398 

9910J 

31197 

6*703 

00^99 

69601 

13 

3« 

30.^59 

99099 

31361 

6*639 

00901 

69541 

22 

39 

;     40 

30S=i 
9,305^*^ 

9909^ 

31414 

6Sw5 

0OyO4 

69479 

2r      1 

9'9'mi 

9. 314^9 

10,68511 

10*00907 

io»694i* 

30 

"i  ^^ 

3C643 

99C91 

3'55^ 

68448 

00909 

69357 

19 

41 

30704 

990BS 

31616 

6*384 

00911 

69196 

1* 

'   43 

3-765 

99'^S^ 

31679 

6S310 

00914 

69235 

17 

44 

30826 

9908^, 

3^741 

6S157 

00917 

69174 

16     ' 

45 

30S37 

990S. 

31806 

6*194 

00910 

69113 

15 

46 

3^947 

99078 

31S70 

6S130 

00911 

69053 

H 

"^l 

31008 

99^^75 

31933 

6S067 

00915 

68991 

13 

!       4* 

^io6S 

99071 

31996 

68004 

0091^ 

68931 

11 

47 

3MZ0 

99070 

9.[;9gC7 

32059 

67941 

0093a 

6S*7i 

10 

5° 

9^3ii^iJ 

9.311^1 

io.<^7*73 

10*00933 

io,6*Sii 

SJ 

31241 

99064 

31185 

67*15 

00936 

6S750 

9     1 

S* 

31310 

1       99061 

32148 

6775^ 

0093* 

6*690 

*    1 

53 

31370 

3^0K^ 

31311 

676*9 

00941 

6*630 

7 

54 

3^43^ 

95356 

3^373 

67627 

00944 

68570 

6     ! 

S^ 

3149G 

99054 

31456 

67564 

00946 

6B510 

5 

56 

31549 

99051 

31498 

675^2 

00949 

6845> 

4 

57 

31609 

9904S 

3Hj6j 

^7^1^ 

C0951 

68391 

3 

5* 

3l6fir^ 

9*5046 

31623 

67^77 

00954 

6*331 

3 

55 

3f7-S 

9:?043 

316S5 

67315 

00957 

6Sa72 

I 

Cq 

r!i7KS 

91104/3 

3^747 

672^2 

00960 

68111 

0 

CVlini* 

Smt. 

\Cq-tail|£. 

[    Ian -cm. 

Lo-kciiU. 

[     SeCLint* 

•^%  Y^t^i^^. 


Tab. 

XXII.  A  Table  of  Artificial  Sines,  Tang,  and  Sec.  ii  Degrcetv 

M. 

Sine. 

Co- fine. 

Tang. 
9-3*747 

Co-tang. 

Secant. 

Co-fcc^nt. 

o 

9.31788 

9.99040 

10.67253 

10.00960 

10.68212 

60 

I 

31847 

99038 

32810 

67190 

00962 

68153 

59 

% 

31907 

99035 

32872 

67128 

00965 

^8093 

58 

3 

31966 

99032 

3*933 

67067 

90968 

68034 

5? 

4 

32025 

99030 

3*995 

^7005 

P0970 

67975 
67916 

56 

i 

32084 

99027 

33057 

66943 

go9^3 

55 

32143 

99024 

33119 

66881 

00976 

67857 

54 

7 

32202 

99022 

33180 

66820 

00978 

67798 

53 

S 

32261 

99019 

33*4* 

66758 

C0981 

67739 

5* 

9 

32319 

99016 

33303 

66697 

00984 

67681 

51 

lO  ' 

9.32378 

9.99013 

9.33365 

10.66635 

10.00987 

10.67622 

50 

II 

3*437 

99011 

334*6 

66574 

00989 

67563 

49 

12 

3*495 

99008 

33487 

66513 

00992 

67505 

48 

1*3 

3*553 

99005 

33548 

66452 

00995 

67447 

^l 

14 

32612 

99002 

33609 

66391 

00998 

67388 

46 

15 

32670 

99000 

33670 

66330 

OIOOO 

67330 

45 

i6 

32728 

98997 

33731 

66269 

01003 

67272 

44 

»7 

32786 

98994 

3379* 

66208 

01006 

67214 

43 

iS 

32844 

98991 

33853 

66147 

01009 

67156 

4» 

19 

32902 

98989 
9.98986 

33913 

9-33974 

66087 

OIOII 

67098 

41 

»o 

9.32960 

10.66026 

ic. 01014 

10.67040 

40 

21 

33018 

98983 

34034 

65966 

OIOI7 

66982 

39 

22 

33075 

98980 

34095 

65905 

01020 

66925 

38 

43 

33133 

98978 

34155 

65845 

01022 

66867 

37 

24 

33190 

98975 

34*15 
34276 

65784 

01025 

66810 

36 

as 

33*48 

98972 

65724 

01028 

66752 

35 

• 

26 

33305 

98969 

34336 

65664 

OIO3I 

6^695 

34 

a? 

33362 

98967 

34396 

65604 

01033 

66638 

33 

28 

33420 

98964 

34456 

65544 

01036 

66580 

3» 

29 

33477 

98961 

34516 

65484 

01039 

66523 

31 

30 

^ 

30 

9'33S34 

9.98058 

9.34576 

10.65424 

10.01042 

10.66466 

31 

33591 

98955 

34635 

65365 

01045 

66409 

29 

3* 

33647 

98953 

34695 

65305 

01047 

66352 

28 

33 

33704 

98950 

34755 

65*45 

01050 

66296 

27 

34 

33761 

9S947 

34814 

65186 

01053 

66239 

26 

35 

33818 

98944 

34874 

65126 

01056 

66182 

*5 

36 

33874 

98941 

34933 

65067 

01059 

66126 

H 

37 

33931 

98938 

3499* 

65008 

01062 

66069 

23 

38 

33987 

98936 

35051 

64949 

01064 

66013 

22 

39 

34043 

98933 

35111 

64889 

01067 

65957 

21 

20 

40 

9.34100 

9  98930 

9.35170 

10.64830 

10.01070 

10.65900 

41 

34156 

98927 

35229 

64771 

01073 

65844 

19 

42 

34212 

98924 

35288 

64712 

01076 

65788 

18 

43 

34*68 

98921 

35346 

64653 

01079 

65732 

'Z 

44 

343*4 

98919 

35405 

64595 

01081 

65676 

16 

45 

34380 

98916 

35464 

64536 

01084 

65620 

15 

46 

34435 

9S913 

35523 

64478 

01087 

65564 

14 

47 

34491 

98910 

35581 

64419 

01090 

65509 

13 

48 

34S47 

98907 

35640 

64360 

01093 

65453 

12 

49 

34602 

98904 

35698 

64302 

01096 

65398 

II 

50 

9.34658 

9.98901 

9-35757 

10.64243 

10.01099 

10.65342 

10 

51 

34713 

98898 

35815 

64185 

01 102 

65287 

9 

52 

34769 

98896 

35873 

64127 

01104 

65*31 

8 

53 

34824 

98893 

35931 

64369 

01107 

65176 

7 

54 

34879 

98890 

35989 

640 II 

OHIO 

65121 

6 

55 

34934 

98887 

36047 

63953 

0III3 

65066 

.  5 

56 

34989 

98884 

36105 

63895 

OI1I6 

65011 

4 

57 

35044 

98881 

36163 

63837 

01119 

64956 

3 

58 

35099 

98878 

36221 

63779 

01122 

64901 

2 

P 

35154 

98875 

36279 

63721 

OII25 
OII28 

64846 

X 

60 

35209 

98872 

36336 

63664 

64791 

0 

Co- fine.  1 

Sine.  1 

Co- tang.  1 

Tangent. 

Co-fecant. 

Secant, 

y^   ^. 

77  Degrees. 


Tab. 

XXJI.  A  Table  of  Artificial  Sin«.  Tang,  and 

Sec.  13  Degrees. 

U. 

<:re. 

Cc-«-.-. 

T«f^ea:- 

Ca-UiS* 

Sec^^i. 

C^itcan:- 

o 

5-3S^-. 

9.JIJ-1 

j^jSj-jS 

10-63664 

iO-^l Il9 

10.6479; 

60 

1      * 

jS^^S 

?«»♦ 

3*j^ 

63606 

Clfjt 

^If 

^2 

i      » 

S5S'^ 

$sse- 

36451 

pm 

CII33; 

6468Z 

5» 

J 

jsri 

j«l*4 

365=9 

*34&i 

c*is6 

64**7 

H 

4 

SS4i^ 

S<3ii 

%H^ 

53434 

C1IS5 

^S73 

56 

5 

154*' 

9«*S« 

3£6i4 

^3376 

citfa 

6451S 

SJ 

6 

3S5/^ 

9SS5S 

366K1 

*53'9 

CI  145 

44464 

54 

f 

15S5^ 

5ISJ, 

J^7il 

63261 

CIT48 

44411^ 

S3 

f 

53*44 

9««4» 

3^*5 

63105 

01151 

^3S^ 

5* 

V 

VS^.* 

9»4« 

36X53 

63148 

01154 

^3<S3 

SI 

to 

9-3S75J 

^•5884} 

5,36909 

10.63091 

ID.01157 

10..6414S 

55 

II 

3sSoe 

V«»40 

36966 

63^34 

ojtic 

64194 

S 

13, 

isaso 

>«»a7 

I7W3 

61977 

CI  763 

6414c 

'3 

3S?M 

5«»34 

37<^£o 

619 1:^ 

01166 

6tr.86j 

47 

>4 

TS?6fl 

S««1' 

37n7 

6,863 

01169 

64031 

46 

tS 

1&;^1] 

t^ltiZ 

37193 

6jgo7 

CI  171 

6397s 

4S 

i6 

3607J 

934x5 

1715^ 

61750 

0117s 

S3;i5 

44 

»7 

36119 

9^32^ 

37306 

61694 

01I7S 

63S71' 

43 

IS 

jfrtSi 

9ii»i9 

37363 

61637 

oiiSi 

6381^* 

41 

»9 

16136 

98*16 

174'9 

615S1 

CI1S4 

65764 

4' 

xa 

90^*89 

9-98313 

i»' 37476 

1^-^1514 

10,01187 

10,63711 

40 

%t 

3O141 

$SSjo 

1753* 

62468 

01190 

63658 

39 

23 

3^395 

9SS07 

37^88 

63411 

01193 

63605 

is 

»J 

3^448 

^SS04 

37644 

63356 

01196 

63SS- 

37 

^ 

36503 

98SC1J 

377CJO 

61300 

01 195 

63498 

J^ 

*S 

$Hss 

9S79S 

37756 

61244 

OI30t 

«344S 

^5 

3& 

36607 

98795 

37811 

SzmU 

01 305 

53391 

34 

17 

36660 

9S791 

37869 

61131 

01108 

63340 

33 

*« 

1*7' 3 

98739 

379H 

61076 

01211 

63^87 

31 

*? 

36766 

987*6 

379Sa 

€ioto 

OI314 

63134 

31 

J*^ 

9.36«i« 

9-9^7^3 

9-38035 

10.61965 

10.01317 

10*63181 

30 

Ji 

3GS71 

98780 

3S051! 

61909: 

OHIO 

631J9 

29 

3> 

36914 

98777 

31^147 , 

61853 

431113 

63076 

28 

JJ 

36976 

58774 

3Bioi 

61798 

01 11 6 

63014 

37 

14 

370^^ 

9877J 

3S1S7 

6174^ 

01119 

^197*1 

26 

3f 

37cSi 

9S768 

^S';^ 

61687 

01131 

62919 

*S 

3« 

37<31 

98765 

3336S 

62&31 

01135 

61867 

^4 

17 

37'SS 

5,876^ 

384=3 

61577 

01135 

61815 

*3 

3S 

%7^}7 

^^7$^} 

38479 

6151] 

01141 

61763 

11 

3Q 

^7^^ 

9^756 

18534 

61466 

01^44 

62711 

11 

AO 

9'MU^ 

^.98753 

3-38589, 

10^61417 

10.01147 

10.61659 

30 

4J 

,       373?3 

9874^ 

38644! 

6j3SG 

01150 

6160; 

^9 

43 

3744  S 

98746 

38659 

6130J 

OI1S4 

^S55 

IS 

41 

S7477 

9B743 

38754, 

61246 

01157 

61503, 

*7 

44 

37  549 

98740 

38808 

61191 

01160 

61451 

16 

45 

376c<> 

98737 

38863 

61137 

01163 

61400 

'S 

4* 

vH^ 

98734 

38918 

fiioSj 

01366 

61348 

'4 

+7 

377t] 

98731 

38971 

61028 

01^69 

61196 

n 

43 

377SS 

987^^ 

39«W7 

60973 

01372 

63345 

13 

A^ 

Ij^oh 

98715 
y,9S7aa 

19081 
1^,39136 

60918 

03375 

63K^4 

If 

§"> 

5-17858 

£0,60864 

10,01178 

10,61141 

FO 

<i 

37909 

98719 

39J90 

608  It 

Oll&I 

61091 

9 

5* 

179^0 

1       987'S 

39^45 

60755 

01185 

61040 

S 

51 

3loi] 

9«7iJ 

39199 

60701 

01188 

61989 

7 

54 

3Sc^62 

98705^ 

39353 

606+7 

01391 

5'i^* 

6 

S% 

33in 

98706 

394°7 

60593 

01194 

6i8g7 

s 

'     5& 

38164 

98703 

3H6i 

60539 

01397 

61836 

4 

57 

3>i;<; 

9E700 

3:^515 

6048: 

01300 

61785 

3 

5? 

3*166 

98697 

39569 

60431 

01303 

6173+ 

1 

S^ 

38317 

IJ3634 

39613 

6o-,77 

01306 

61683 

1 

6o 

^l^ 

^^fiqo 

39^77 

6031-5 

01 3 10 

61631 

0 

' 

i>o*1inc. 

\      ^'mt. 

\  Co-tKl^, 

\  Tar.^^ViV* 

yCa-fet^nt. 

Secant. 

it  Iit^^^% 


Tab. 

XXII.  A  Table  of  Artiricial  Sines,  Tang,  and  Sec.  14  Degree;. 

M. 

Sine. 

Co- fine. 

Tangent. 

Co- tang. 

Secant. 

Co-fecant. 

o- 

9.38368 

0.98690 

9.39677 

10.60323 

10.01310 

10.61632 

60 

I 

38418 

98687 

39731 

60269 

01313 

61582 

S9 

2 

38469 

98684 

39785 
39838 

60215 

01316 

61531 

5» 

3 

38519 

98681 

60162 

01319 

6148J 

57 

4 

38570 

'  98678 

39892 

60108 

01322 

61430 

5< 

5 

38620 

98675 

39945 

60054 

01325 

61380 

SS 

6 

38670 

98671 

39999 

60001 

01329 

61330 

54 

7 

38721 

98668 

40052 

59948 

CI  3  32 

61280 

5S 

8 

3877J 

98665 

40106 

59894 

01335 

61229 

5* 

9 

38821 

.  98662 

40159 

59841 

01338 

61179 

5« 

10 

9.38871 

9.98659 

9.40212 

10.59788 

10.01341 

10.61129 

50 

II 

38921 

98655 

40266 

59734 

01344 

61079 

49 

12 

38971 

98652 

40319 

59681 

01348 

61029 

4» 

13 

390*1 

98649 

40372 

59<i28 

01351 

60979 

47 

14 

39071 

98646 

40425 

59575 

01354 

60929 

46 

IS 

391*1 

98643 

40478 

59522 

01357 

60879 

45 

i6 

39170 

98640 

40531 

59469 

01360 

60830 

44 

17 

39"o 

98636 

40584 

59416 

01364 

60780 

43 

i8 

39270 

98633 

40636 

59363 

01367 

60730 

4» 

_i9_ 

20 

39319 

98630 

40689 

59311 

01371 

60681 

4' 

9.39369 

9.98627 

9.40742 

10.59258 

io»oi373 

10.60631 

49 

21 

39418 

98623 

40795 

59*05 

01377 

60582 

39 

22 

39467 

98620 

40847 

59153 

01380 

60533 

3» 

23 

39517 

98617 

40900 

591C0 

01383 

604S3 

37 

»4 

39566 

98614 

40952 

59048 

01386 

60434 

3« 

as 

39615 

98610 

41004 

58995 

01390 

60385 

3S 

26 

39664 

98607 

41057 

58943 

01393 

60336 

34 

27 

39713 

98602 

41109 

58891 

01396 

60287 

31 

28 

39762 

98601 

41161 

58839 

01399 

60238 

3» 

29 

39811 

98597 
9.98594 

41214 
9.41266 

58786. 

01403 

60189 

31 

30 

9.39860 

10.58734 

10.01406 

10.60140 

30 

31 

39909 

98591 

41318 

58682 

01409 

60091 

29 

3* 

39957 

98588 

41370 

58630 

01412 

^60042 

28 

33 

40006 

98584 

41422 

58578 

01416 

59994 

27 

34 

40055 

98581 

41474 

585*6 

01419 

59945 

26 

35 

40103 

98578 

41526 

58474 

01422 

59896 

*S 

36 

4015a 

98574 

41577 

58422 

01426 

59848 

*4 

37 

40200 

98571 

41629 

58371 

02429 

59800 

*3 

38 

40249 

98568 

41681 

58319 

01432 

59751 

22 

39 

40297 

98565 

41733 

58267 

C1435 

59703 

21 

40 

9.40345 

9.9856J 

9.41784 

10.58216 

10.0x439 

10.59654 

20 

41 

40394 

98558 

41836 

58164 

01442 

59606 

19 

42 

4044* 

98555 

41887 

^l"J 

01445 

5955« 

18 

•43 

40490 

98551 

41939 

58061 

01449 

59510 

17 

44 

40538 

98548 

41990 

58010 

0145a 

59462 

16 

:i 

40586 

98545 

42041 

57958 

01455 

59414 

IS 

40634 

98541 

42093 

57907 

01459 

59366 

i  H 

47 

40682 

98538 

42144 

57856 

01462 

59318 

13 

48 

40730 

98535 

42195 

57805 

01465 

59*70 

12 

49 

40778 

98531 

42246 
9.42297 

57754 

01469 

59222 

II 

50 

9.40825 

9.98528 

10.57703 

io.di47a 

10.59175 

10 

51 

40873 

-  985*5 

.  4*348 

57652 

01475 

591*7 

9 

5» 

40921 

^l^^l 

4*399 

57601 

01479 

59079 

8 

53 

40968 

98518 

42450 

57550 

C1482 

5903* 

7 

54 

41016 

98515 

42501 

57499 

0148s 

58984 

6 

5$ 

41063 

98511 

4*55* 

57448 

01489 

58937 

5 

56 

41111 

98508 

42603 

57397 

01492 

58889 

4 

57 

41 1 58 

98504 

42653 

57347 

01495 

58842 

3 

58 

41205 

98501 

42704 

57*96 

01499 

58795 

2 

|9 

41252 

98498 

4*755 

57*45 

01502 

58748 

I 

60 

413^0 

98494 

42805 

57195 

01506 

58700 

0 

k 

r. 

Co-fine. 

Sine. 

Co-tang. 

Tangent. 

^  <^0-fec.3LTVV' 

\   ^C2l\NX, 

\  V^- 

75  Degree, 


tf. 

XXII.  A  Tabic  of  Artificial  Sines,  tang,  and  Sec.  15  Degrees. 

M. 

Sine. 

Co-fine. 

Tangent. 

Co- tang. 

Secant. 

Co-fecant. 

9.41300 

9.98494 

9.42805 

10.57195 

10.01506 

10.^8700 

60 

o 

4«347 

98495 

42856 

57144 

01509 

58653 

59 

z 

41394 

$8488 

42906 

57094 

01512 

58606 

58 

X 

41441 

98484 

4*957 

57043 

01516 

58559 

57 

3 

41488 

98481 

43007 

56993 

0151^ 

^f^i* 

56 

4 

4>S35 

98477 

43057 

56943 

01523 

^l^^l 

5? 

1 

4158a 

9*474 

43108 

56892 

01526 

58418 

54 

41628 

98471 

43158 

56842 

01529 

5837* 

53 

7 
8 

9_ 

41975 

98467 

43208 

56792 

01533 

58278 

5» 

417" 

98464 

43*58 

56742 

01536 

5« 

9.41768 

9.98460 

9.43308 

10.56692 

10.01540 

10.58232 

50 

lO 

418,5 

98457 

43358 

56642 

01543 

58185 

49 

II 

41861 

98453 

43408 

56592 

'  01547 

58138 

48 

IS 

41908 

98450 

43458 

5654* 

01550 

58092 

47 

>3 

41954 

98447 

43508 

56402 

01553 

58046 

46 

'4 

420c  I 

98443 

43558 

56442 

01557 

57999 

45 

II 

42047 

98440 

43607 

56393 

01560 

57933 

44 

31093 

98436 

43657 

56343 

01564 

57907 

43 

17 
i8 
'9 

42139 

98433 

43707 

56293 

01567 

57860 

4» 

42186 

9S429 

43750 

56244 

01571 

57814 

41 

9.4x232 

9.9'<i426 

9.43806 

10.56194 

10.01574 

10.57768" 

40 

20 
£1 
Z2 

42278 

9S4** 

43855 

56145 

0157S 

57722 

^t 

4»3H 

98419 

43905 

56095 

01581 

57676 

38. 

42370 

98415 

43954 

56046 

01584 

57630 

37 

23 
24 

:i 

42416 

98412 

44004 

55996 

01588 

57584 

36 

41461 

98409 

44053 

55947 

01591 

57538 

35 

42507 

98405 

44102 

55898 

01595 

'    57493 

34 

47 

28 

29 

4*553 

98402 

4415^ 

55848 

01598 

S7U7 

33 

4*599 

98398 

44*01 

55799 

01602 

57401 

3* 

42644 

9S395 
9.98391 

44250 
9. 44299 

55750 

C1605 

57356 

31  ■ 

30 

9.42690 

10.55701 

ic. 01609 

10.57310 

30 

4*735 

983S8 

44348 

5565^ 

01612 

57*65 

29 

3* 

3* 

42781 

98384 

44397 

55603 

01616 

57*19 

28 

42826 

9838X 

44446 

55554 

.01619 

57174 

at? 

33 

42872 

98377 

44495 

55505 

01623 

571*8 

26 

34 
3« 

42917 

98373 

44544 

5545^' 

01626 

57083 

*5 

42962 

98370 

4459* 

554c8 

01630 

57038 

*4 

43007 

98366 

44641 

55359 

01634 

56993 

*3 

43053 

98363 

44690 

55310 

01637 

56947 

22 

43098 
9.43143 

98359 

44738 

55262 
10.55213 

01641 

56902 

21 

37 

9.98356 

9.44787 

10.01644 

fo. 56857 

20 

40 

43188 

98352 

44836 

55164 

01648 

56812 

19 

41 

43*33 

98349 

44884 

55116 

01651 

56767 

18 

42 

43278 

98345 

44933 

55067 

01655 

56712 

17 

43 
44 

433*3 

9833^ 

44981 

55019 

01658 

56677 

16 

43367 

.  4502^ 

54971 

01662 

56632 

15 

43412 

98334 

45078 

54922 

01666 

56588 

14 

43457 

98331 

45126 

54874 

01669 

56543 

13 

47 
48 

49 

43502 

98327 

45174 

54826 

01673 

56498 

12 

43546 

98324 

45222 

9.45*71 

54778 
10.54729 

01676 

56454 

II 

9.43591 

9.98320 

10.01680 

10.56409 

10. 

50 

43635 

98317 

45319 

54681 

01683: 

56365 

2 

5' 

43680 

98313 

45367 

54633 

01687 

96320 

8' 

5* 

437*4 

98309 

45415 

545S5 

01691 

56*76 

7 

53 

43769 

98306 

45463 

54537 

01694 

56231 

6 

54 

43813 

98302 

455" 

54489 

01698 

56187 

5 

1^ 

43857 

98199 

45559 

54441 

01701 

56143 

4" 

43901 

98295 

45606 

54394 

01705 

56099 

.3 

n 

43946 

9.8291 

45654 

54346 

01709 

56054 

2- 

43990 

Kfi%%% 

V    t.V]Q'L 

I    54^98 

01712 

56010 

I 

1' 

44034!   9^x^^\  4S1^^ 

\   ox^x^ 

^   55966 

0 

Cowfint.  \  Siivt*  \Co-tMv^ 

^.\'Yau^«:^X 

.  \^-W.vaS 

.»\  ^^^-MiX.* 

W^  ( 

n/^D^^^^^% 


Tab. 

XXn.  A  Tabic  of  Artificial  Sines,  ' 

Tang,  and  Sec.  16  Degwei. 

M- 

Sine, 

Co-Crtt. 

Tangent, 

Co.ttag. 

SeciuC 

C^-fccant* 

o 

9-44034 

9.98x84 

9-45750 

^^•54*5^ 

,0.01716 

10^55966 

60 

I 

44^7S 

g^iSj 

45797 

54*03 

01 7 19 

559^1 

59 

a 

44iia 

98177 

45845 

54155 

0,713 

55878 

58     ' 

3 

44' fi^ 

98273 

45897 

54  JO^ 

01727 

55S34 

57 

4 

44^10 

*^?? 

1       4594° 

54060 

C1730 

5>790 

5* 

1 

44^53 

98166 

45987 

54013 

01734 

55746 

55 

6 

44*^7 

^'ixSt 

46035 

53965 

01738 

55703 

54 

7 

44341 

5«2  59 

46081 

53918; 

OJ741 

5565? 

51 

& 

44335 

93*55 

46130 

53*70, 

OJ74S 

55615 

5* 

\ 9_ 

.miH 

98151 
9.98mS 

46177 

53813 

01749 

5557* 

S» 

to 

9-4447* 

9^4^*M 

io*5J77& 

,c»oi75i 

10,5551^1 

50 

ir 

4451s 

98144 

46171 

53718 

0J756 

55484 

49 

tz    1 

44553, 

98140 

463'9 

53^81 

01760 

55441 

48 

13 

446.-2 

9S137 

46366 

53634 

0,763 

5S3P7 

47      ' 

H 

44646 

98*33 

46413 

53587 

0,767 

55J54 

46 

'S 

446Ey 

9811'; 

46460 

5354^ 

01771 

55311; 

45 

t6 

44733 

9E116 

46507; 

53493 

01774 

55*67! 

44 

17 

4477& 

gSiia 

46554 

53446 

0,778 

551*4 

43 

1      '^ 

44Sjq 

9S11B 

46611 

53399 

01782 

55181 

42 

~t^ 

4486=1 

9^115 

46648 

5335* 
10,53306 

017S5 
10*0,74^9 

5513^ 

4t 

la 

9-449-^^ 

9*98in 

9.46694 

10.55095 

40 

%i 

4454ii 

9B»o7 

46741 

53*59 

01793 

55051 

3*» 

at 

449  ;i  J 

9^ie2 

4678S 

53*1* 

01796 

55008 

38 

13 

45035 

98200 

^ilp 

5316s 

o,Soo 

54965 

37 

^4 

45077 

9S196 

4fiBBt 

53n9 

0,804 

S4'>*3 

36 

1     ^5 

45iio 

9»i9* 

469*8! 

5307*1 

01808 

S43So 

35 

i6 

4516] 

9S1S9 

46975 

53015 

OlSll 

54837 

34 

27 

4S^o6| 

9Fii5 

47oii 

5*979 

OI8I5 

54  7  94 

31 

,    23 

4514- 

98tSi 

47068 

^^Vl 

01819 

54751 

3* 

^9 

45i93t 

98177 

471^4 

51886 
10.51840 

OIB13 

54708 
10. 54666 

3» 

30 

30 

9-45334 

9.98174 

9.47160 

10,01816 

31 

453?7 

98 1 70 

47*07 

5*793 

01830 

54614 

29 

31 

45419 

98166 

4:^^53 

5*747, 

0,834 

54581 

28 

33 

45461 

98162 

47199 

5*701 

01838 

5451 3 

27 

H 

45504 

98,59 

47346 

5*654 

01841 

54456 

26 

35 

45547 

98155 

47191 

51608 

01845 

54453 

*S     j 

36 

45589 

98151 

47438 

51561 

01849 

5^411 

24 

37 

45631 

98147 

47484 

5*516 

01853 

54368 

23 

3« 

45674 

98144 

47530 

5*47<^ 

oj»56 

543*6' 

21 

39 

45716 

98140 

47576 

5*424 

01860 

54184 

21 

40 

9-4S7^S 

9.98136 

9, 47611 

10.51378 

10*01864 

JO. 54141 

20 

4" 

45801 

9813^ 

4766S 

5*33* 

01S6B 

54199 

,9 

4* 

45843 

98fiB 

477  U 

52286, 

01871 

54>S7 

i^ 

43 

4538s 

9S115 

47760 

S2H0 

01S75 

541  IS 

17 

44 

45'J*7 

93fii 

47806 

51194 

Ol87rj 

54073 

16 

*l 

459^9 

9S117 

47S51 

5114S 

GjBSj 

5403T 

15 

46 

1       46011 

98113 

4m7 

51102 

OJ8S7 

5398y 

H 

47 

46053 

98109 

47'?43 

52057 

01890 

53947 

"1 

4* 

4609s 

98106 

47989 

51011 

01894 

53905 

]£ 

49 
SO 

46136 

98101 
9.98098 

48c  34 
9,4iJoSo 

^"965 

01898 

53864 

11 

,0.51920 

lO.Oir.Ol 

10,538*1 

10 

51 

46120 

9  8  094 

4ai*fi 

5 '^74 

01906 

53780 

^ 

SI 

46462 

9S090 

4S171 

51829 

01910 

53738 

s 

1     S3 

46303 

98087 

48x17 

5*7^3 

01913 

53697 

7 

54 

4*^345 

gSoB^ 

4S^6a 

5^73^ 

019J7 

5365  s 

e 

5| 

463  S6 

98o7tf 

4*307 

5,691 

01921 

536,4 

£ 

5S 

464XS 

9S075 

4B35I 

51647 

^     01915 

53S7* 

4 

^J 

46469 

98071 

4^193 

51601 

0,919 

5353' 

3 

58     1 

4^5'' 

9S067 

4S443 

5i.'57 

0,933 

53489 

^ 

|9 

4f55* 

98063 

48489 

Sisn 

01937 

534415 

r 

60 

46594. 

9So6£L 

48534 

51466 

0194^1 

53406 

0 

k 

Confine, 

Slat, 

Co-ung. 

Tarvgcnx- 

Cci-kitAiA 

\    ^ttw\^. 

\», 

yjr 
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« 

Fab.  XXn.  A  Tabk  of  Artificiil  Sines,  Tang,  nd  Sec.  17  Cegfoes* 

M. 

Sine. 

Co-fine. 

Tangent. 

Co-ung. 

Secant. 

Co-fecant. 

0 

9.46593 

9.98060 

9-4«534 

10.51466 

10.01940 

10.53406 

60 

I 

46635 

98056 

4«579 

514*1 

01944 

53365 

2 

ft 

46676 

98052 

48624 

51376 

01948 

533*4 

58 

3 

46717 

98048 

48669 

51311 

01952 

53*83 

57 

4 

46758 

98044 

487»4 

51286 

01956 

53*41 

56 

5 

46800 

98040 

48759 

51241 

01960 

53200 

55 

6 

46841 

98036 

48804 

51196 

01964 

53159 

54 

7 

46882 

98032 

48849 

51151 

01968 

53118 

53 

S 

46923 

98029 

48894 

511C6 

01971 

53077 

5* 

9 

46964 

980^5 

48939 

51061 

01975 

53036 

51 

10 

9.47005 

9.98021 

9.48984 

10.51016 

10.01979 

10.52995 

50 

II 

47  ^"4'; 

98017 

49029 

50971 

01983 

5*954 

^ 

IS 

47086 

98013 

49'373 

50917 

01987 

5*914 

48 

'3 

47127 

98009 

49118 

50882 

01991 

5*873 

47 

H 

47168 

98005 

49163 

50837 

0199s 

5*83* 

46 

»5 

47209 

98001 

49207 

50793 

01999 

5*791 

45 

16 

47249 

97997 

49252 

50748 

02003 

5*751 

44 

'7 

472;o 

97993 

49296 

50703 

02007 

5*710 

43 

j8 

4733c 

97989 

49341 

50659 

02010 

52670 

4* 

19 

47371 

97986 

49385 

50614 

02014 

5*6*9 

41 

20 

9«474>i 

9.97982 

9.49430 

10.50570 

10.02018 

10.52588 

40 

21 

47452 

57978 

49474 

50526 

02022 

5*548 

39 

21' 

47492 

97974 

49519 

50481 

02026 

51508 

38 

43 

47533 

97970 

49563 

50437 

02030 

5*467 

H 

24 

47573 

97f66 

49607 

50393 

02034 

5*4*7 

36 

as 

47613 

97962 

49651 

50348 

02038 

5*387 

35 

26 

47654 

97958 

49696 

50304 

02042 

5*346 

34 

*7 

47694 

97954 

49740 

50260 

02046 

5*306 

33 

28 

47734 

97950 

49784 

50216 

02050 

52266 

3* 

19 

♦  47774 

97946 

49828 

50172 

02054 

52^26 

31 

30 

9.47814 

9.97942 

9.49872 

10.50128 

10.0205S 

10.52186 

30 

31 

47854 

97938 

49916 

50084 

02062 

52146 

*9 

3» 

47894 

97934 

49960 

50040 

02066 

52106 

aS 

33 

47934 

97930 

50CC4 

49996 

02070 

52066 

*7 

34 

47974 

97926 

50C48 

4995a 

02074 

52026 

26 

35 

48014 

97922 

50092 

49908 

02078 

51986 

25 

36 

48054 

97918 

50136 

49864 

02082 

51946 

*4 

37 

48094 

97914 

50180 

'     49820 

02086 

51906 

*3 

38 

48133 

97910 

50223 

49776 

02090 

51867 

22 

39 

48173 
9.48213 

97906 

50267 

49733 

02094 

51827 

21 

40 

9.97902 

9.50311 

10.49689 

10.02098 

10.51787 

20 

41 

48252 

97898 

50355 

49645 

02102 

51747 

«9 

42 

48292 

97894 

50398 

49602 

0Z106 

51708 

18 

43 

48332 

97890 

50442 

49558 

02 1 10 

51668 

17 

44 

48371 

97886 

50485 

49515 

C2114 

51629 

16 

45 

48411 

97882 

50529 

49471 

02118 

51589 

«5 

46 

48450 

97878 

50572 

49428 

'  02122 

51550 

14 

47 

4X489 

97874 

50616 

49384 

02126 

51510 

13 

48 

48529 

97870 

50659 

49341 

02130 

51471 

12 

49 

48568 

97866 

50703 

.  49297 

02154 

5^32 

11 

50 

9.48607 

9.97S61 

9.50746 

10.49254 

10.02139 

10.51392 

10 

5' 

48647 

97857 

50789 

49211 

02143 

51353 

9 

Sa 

48686 

97853 

50833 

49167 

02147 

.  51314 

8 

53 

48725 

97849 

50876 

49124 

02151 

.  51*75 

7 

54 

48764 

97845 

50919 

49081 

-  02155 

51236 

6 

5S 

4B803 

97841 

50962 

49038 

OZI59 

51*97 

5 

56 

48842 

■  97837 

51005 

48995 

02163 

51158 

4 

57 

48881 

97833 

■  51048 

48951 

02167 

5W19 

3 

SB 

48920 

97829 

54092 

48908 

o2;i7i 

•5P080 

% 

59 

48959 

97825 

5"35 

48865 

02175 

5»04i 

I 

60. 

.  4^^'-^^' 

\   ..7*^' 

\     s^i-J^ 

4:8822 

0227  t 

,.  5f002 

0 

Cu-linc 

\  .Smft. 

\CoAM\^. 

\  'V4Vi%;t\x\. 

\Cv>A^^tcsv\. 

'^^  Sesanc 

M. 

1 

*^%  Y>fc^^» 


Tab. 

XXIL  A  Table  of  Artificial  Sines, 

Tang,  and  Sec.  18  Degrees. 

M. 

Sine. 

Co-fine. 
9.97821 

Tangent. 

Co-tang. 

Secant. 

Co-fecant. 

o 

9.48998 

9.51178 

10.48822 

10.02179 

10.51002 

60 

1 

49037 

97817 

51221 

48779 

02183 

50963 

59 

% 

49076 

978*2 

51264 

48736 

02188 

50924 

58 

3 

49"5 

97808 

51306 

48694 

02192 

50885 

5? 

4 

49153 

97804 

51349 

48651 

02196 

5o84r7 

56 

s 

49192 

978D0 

51392 

48608 

02200 

50808 

55 

6 

49231 

97796 

5H35 

48565 

02204 

50769 

54 

7 

49269 

9779'- 

51478 

48522 

02208 

50731 

53 

8 

49?o8 

97788 

51520 

48480 

02212 

50692 

52 

9 

lO 

49347 

97784 
9-97779 

51563 

48437 

02216 

50653 

51 

9'493«5 

9.51606 

10.48394 

I0.02221 

ic. 50615 

50 

If 

494*4 

97775 

51643 

48352 

02225 

50576 

49 

t% 

49462 

97771 

51691 

48309 

02229 

50538 

48 

'3 

49500 

97767 

51734 

48266 

02233 

50500 

n 

H 

49539 

97763 

51776 

48224 

02*37 

50461 

^ 

'I 

49577 

97759 

51819 

48181 

02241 

50423 

45 

i6 

49615 

97754 

51861 

48139 

02246 

•  50385 

44 

17 

49654 

97750 

51903 

48097 

02250 

50346 

43 

i8 

49692 

97746 

51946 

48054 

02254 

50308 

4» 

»9 

49730 
9.49768 

9774* 

51988 

48012 

02258 

50270 

41 

ao 

9-97738 

9-52031 

10.47969 

10.02262 

10.50232 

40 

21 

49^06 

97733 

52073 

•  47927 

02266 

50194 

39 

21 

49840 

97729 

52115 

47885 

02271 

50156 

38 

13 

49882 

97725 

52157 

47843 

02275 

50118 

37 

44 

49920 

97721 

52200 

47800 

02279 

50080 

36 

»5 

49958 

97717 

52242 

47758 

02283 

50042 

35 

26 

49996 

97713 

52284 

47716 

02287 

50004 

34 

27 

50034 

97708 

52326 

47674 

02292 

49966 

33 

28 

50072 

97704 

52368 

47632 

02296 

49928 

32 

29 

50110 

97700 

52410 

47590 

02300 

49890 

31 

30 

9.50148 

9.97696 

9.52452 

10.47548 

10.02304 

JO. 49852 

30 

31 

.  50185 

97691 

52494 

47506 

O23C9 

49815 

*2 

3» 

50223 

97687 

52536 

47464 

02313 

49777 

28 

33 

50261 

97683 

52578 

47422 

02317 

49739 

^l 

34 

50298 

97679 

52620 

47380 

02321 

49702 

26 

^1 

50336 

97674 

52661 

47339 

02326 

49664 

»5 

36 

50373 

97670 

52703 

47297 

02330 

49626 

24 

H 

5041 1 

97666 

52745 

47255 

02334 

49589 

»3 

38 

50448 

97662 

52787 

47213 

02338 

49551 

22 

39 

50486 

97657 

52829 

47171 

02343 

49514 

21 

40 

9.50523 

9-97653 

9.52870 

10.47130 

10.02347 

10.49477 

20 

4» 

50561 

97649 

52912 

'  47088 

02351 

49439 

'2 

4» 

50598 

97645 

52953 

47047 

,    02355 

49402 

18 

43 

50635 

97640 

52995 

•   47005 

02360 

49365 

17 

44 

50673 

97636 

53037 

46963 

02364 

49327 

16 

45 

50710 

97632 

53078 

46922 

02368 

49290 

15 

46 

50747 

97627 

53120 

46880 

02372 

49253 

14 

47 

50784 

97623 

53161 

46839 

02377 

49216 

13 

48 

50821 

97619 

53202 

46797 

02381 

49179 

12 

49 

50858 
9. '5089(6 

97615 

53244 

46756 

02385 

49142 

II 

50 

9.97610 

9.53285 

10.46715 

10.02390 

10.49104 

10 

51 

50933 

97606' 

53327 

46673 

02394 

49067 

9 

5* 

.   50970 

97602 

53368. 

46632 

02398 

49030 

8 

53 

51006 

.   97597 

53409 

46591 

02403 

48993 

7 

54 

51043 

97593 

53450 

46550 

02407 

48957 

55 

51080 

97589 

53492 

46508 

02411 

48920 

56 

5?*i7 

975S4 

53533 

46467 

02416 

48883 

57 

5"54 

97580 

53574 

46426 

02420 

'   48846 

58 

51191 

97576 

536^5 

46385 

02424 

48809 

59 

51227 

97571 

53656 

46344 

02429 

48773 

I 

60 

51264 

07S67 

53697 

4^3^3 

02433 

48736 

0 

' 

Co- fine. 

bine. 
f 

Co-tang. 

f  Tangent. 

1  c:o-fecant. 

SecaaU 

^  ^, 

i 

Yyz 


71  Degrees, 


Tab.  XXn.  A  Table  of  Artificial  Sines,  Tang,  and  Sec.  19  Degrees. 


M* 

Sine. 

Co-fine. 

Tang. 

Co-tang. 

Secant. 

,Co-fecant. 

0 

9.51264 

9.97567 

9-53697 

10^46303 

10.02433 

10.48736 

60 

I 

51301 

97563 

53738 

46262 

02437 

48699 

59 

a 

5^i2\ 

97558 

53779 

46221 

02442 

48662 

58 

3 

5'374 

97554 

53820 

46180 

02446 

48626 

^ 

4 

51411 

97550 

53861 

46139 

02450 

48589 

56 

5 

5^447 

97545 

53902 

46098 

02455 

48553 

55 

6 

51484 

97541 

53943 

46057 

02459 

48516 

54 

7 

51520 

97536 

53984 

46016 

02464 

^48480 

53 

8 

5'557 

9753* 

54025 

45975 

C2468 

48443 

5» 

9 

'   5'593 

975*8 

54065 

45935 

02472 

48407 

5x 

10 

9.51629 

9*975*3 

9.54106 

10.45894 

10.02477 

10.48371 

50 

II 

51666 

97519 

54147 

45853 

02481 

^«"4 

*t 

12 

51702 

975H 

54187 

45813 

02485 

48298 

48 

IS 

51738 

97510 

54228 

4577* 

02490 

48262 

*? 

14 

51774 

97506 

54269 

45731 

02494 

482^6 

46 

15 

51811 

97501 

54309 

456;! 

02499 

48189 

45 

16 

51847 

97497 

54350 

45650 

02503 

48153 

44 

17 

51883 

9749* 

543!/0 

45610 

02508 

48117 

43 

18 

51919 

97488 

54431 

45569 

02512 

48081 

4* 

19 

5«955 

974^4 

54471 
9.5451* 

455*9 

02516 

48045 

4' 

20 

9.51991 

9-97479 

10.45488 

IC.02521 

10.48009 

40 

21 

5»027 

97475 

5455* 

45448 

0*5*5 

47973 

H 

22 

52063 

9747« 

54593 

45407 

02530 

47937 

38 

»3 

52099 

97466 

54633 

45367 

02534 

47901 

37 

»4 

5»»35 

.  97461 

54673 

453*6 

02539 

47865 

36 

»5 

52171 

97457 

54714 

45286 

02543 

47829 

35 

26 

5x207 

9745* 

54754 

45246 

02547 

47793 

34 

»7 

52242 

97448 

54794 

45206 

02552 

47758 

33 

28 

52278 

97444 

5483s 

45165 

02^56 

477** 

3* 

29 

5*314 

07439 

5487  s 

451*5 

02561 

47686 

31 

30 

30 

9.52350 

9-97435 

9-54915 

10. 4^085 

10.02565 

10.47650 

3» 

5*385 

97430 

54955 

45045 

02570 

47615 

*l 

3» 

52421 

97426 

54995 

45005 

02^74 

47579 

28 

33 

5*456 

974*1 

55035 

44965 

02S79 

47544 

27 

34 

5*49* 

97417 

55075 

^m^ 

02«;83 

47508 

26 

35 

5*527 

97412 

55115 

44885 

02588 

47473 

»5 

36 

52563 

97408 

55155 

44845 

02592 

47437 

*4 

37 

5*598 

97403 

55195 

44805 

0*597 

4740a 

»3 

38 

5*634 

97399 

55*35 

44765 

02601 

47366 

22 

39 

52669 

97394 

55*75 

447*5 

02606 

47331 

21 

20 

40 

9.52705 

9  97390 

9-55315 

10.44685 

10.02610 

10.47295 

4« 

52740 

97385 

55355 

44645 

02615 

47260 

19 

4* 

5*775 

97381 

•  55395 

44605 

02619 

47**5 

18 

43 

52810 

97376 

55434 

44566 

02624 

47189 

17 

44 

52846 

9737* 

55474 

445*6 

02628 

47154 

16 

45 

52881 

97367 

55514 

44486 

02633 

47119 

15 

46 

52916 

97362 

55554 

44446 

02637 

47084 

14 

47 

52986 

97358 

55593 

44407 

02642 

47049 

13 

48 

97353 

55633 

44367 

02647 

47014 

12 

49 

53021 

97349 

55673 

443*7 

02651 

46979 

II 
10 

50 

9.53056 

9-97344 

9-5571* 

10.44288 

10.02656 

10.46944 

5' 

53091 

97340 

5575* 

44*48 

02660 

46908 

2 

5* 

53126 

97335 

55791 

44*09 

02665 

46873 

8 

53 

•  53161 

97331 

55831 

44169 

02669 

46839 

7 

54 

53196 

973*6 

55870 

44130 

02674 

46804 

6 

55 

53231 

973** 

.  55910 

44090 

02678 

46769 

5 

56 

53*66 

97317 

55949 

44051 

026S3 

46734 

4 

57 

53301 

97312 

55989 

44011 

02688 

46699 

3 

58 

53336 

97308 

56028 

3^397* 

02692 

46664 

2 

59 

53370 

97303 

56067 

43933 

02697 

46630 

I 

60 

53405 

97299 

^6107 

43S93 

02701 

46595 

0 

I 

Co-  line. 

Sine.  : 

Co-tang. 

Tangent. 

Co-lecant.  j 

Secanc. 

M. 

no  Degrees, 


Tab.  XXII.  A  Table  of  Artificial  Sines,  Tang,  and  Sec.  toTkgnxa. 

M. 

Sine. 

Co-fioc. 

Tangent. 

Co-tang. 

Secant. 

Co-fecant. 

* 

o 
I 
a 
3 

4 

1 

7 
8 

9  . 

9-53405 

53440 
53475 
53509 
53544 
53578 
53613 
53647 
53682 
53716 

9-97*99 
97*94 
97*89 
97285 
9/280 

97*75 
97271 
97266 
97262 
97*57 

9.56107 
56146 
56185 
56224 
56264 
56303 

56420 

56459 

9.56498 

56537 
56576 

56693 
56732 
56771 
56810 
56849 

10.43893 
43854 
43815 
43776 
43736 
43697 
43658 
43619 
43580 
43541 

10.02701 
02706 
02711 
02715 
02720 

027*4 
02729 

02734 
02738 
02743 

10.46595 
4656c 
46525 
46491 
46456 
46422 
46387 
46353 
46318 
46284 

P 

55 
54 
53 

5* 
5» 

lO 

II 

12 

13 

>4 

\l 

«7 
iS 
19 

9-5375> 

53785 
53819 

53854 
53888 
53922 
53957 
53991 
54025 

54059 

9-97*5* 
97*48 
97243 
97*38 
97*34 
97**9 
97**4 
97120 
97215 
97210 

10.43502 
43463 
434*4 
43385 
43346 
43307 
43*68 

43**9 
43190 

43151 

10.02748 
0275^ 
02757 
02762 
02766 
02771 
02776 
02780 
02785 
02789 

10.46249 
46215 
46181 
46146 
46112 
46078 

46043 
46009 

45975 
45941 

50 

:2 

45 
44 
43 

4» 
4' 

%o 
at 

22 

*s 

•4 
»5 
%6 

*7 
28 

»9 

9.54093 

541*7 
541 61 

54195 
54**9 
54*63 

54*97 
54331 
54365 
54399 

9.97*06 
97201 

97196 
97192 
97187 
97182 
97178 

97*73 
97168 
97163 

9.56887 
56926 
56965 
570C4 
57042 
57081 
57120 
57158 
57197 
57*35 

10.43113 

43074 
43035 
4*996 
4*958 

42842 
42803 
4*765 

10.02794 
02799 
02804 
02808 
02813 
02818 
02822 
02827 
02832 
02837 

10.45909 
45873 
45839 
45805 

45771 
45737 

45669 

45635 
45601 

40 

ir 

35 

J4 
33 
3* 
3« 

30 
*9 

28 

:? 

*5 
*4 

23 

22 
21 

30 
31 
3» 
33 
34 

11 
\l 

39 

9.5443* 
54466 
54500 
54534 
54567 
54601 

54635 
54668 
54702 
54735 

9.97159 
97154 
97149 
97145 
97140 

97135 
97130 
97126 

971*1 
97116 

9.97111 
97106 
97102 
97097 
97092 
97087 
97083 
97078 

97068 

9-57*74 
5731* 
57351 
57389 
574*8 
57466 
57504 
57543 

57<;8i 

57619 

10.42726 
42688 

4*649 
426 II 

4*57* 
4*534 
4*496 

42457 
42419 

4*381 

10.02841 
02846 
02851 

02860 
02865 
02870 
^  02874 
02879 
02884 

10.45567 

45534 
45500 
45466 
45433 
45399 
45365 
4533* 
45*98 
45*65 

40 
41 
4* 
43 

44 

:i 

47 
48 
49 

9-54769 
54802 
54836 
54869 

54903 
54936 
54969 
55.003 
55036 
55069 

9.57658 
57696 
57734 
5777* 
57810 

57849 

57887 

579*5 

. 57963 

••58001 

10.42342 
42304 
42266 
42228 
42190 
42151 

42113 
44075 
42037 
41999 

10.02889 
02893 
02898 
02903 
02908 
02913 
02917 
02922 
029*7 
0293* 

10.45231 

45198 
45164 

45«3i 
45097 
45064 
45031 

44997 
44964 

44931 

20 

\l 

»7 
16 

«5 

13 
12 

11 

50 
51 
5* 
53 
54 
55 
56 
57 
58 
59 
60 

9.55102 
55136 
55169 
55.202 

55*35 
55*68 
55301 
55334 
55367 
55400 

554-13 

9-97063 
97059 
97054 
97049 
97044 
97039 

97034 

97030 

970*5 
97020 
Q7015 

9.58039 

58077 
58115 

58153 
58191 

58**9 
58*67 
58304 
5834* 
•58380 
58418 

10.41961 
41923 
41885 
41847 
41809 
41771 

41696 
41658 
41620 
41582 

10.02937 
0294 1 
02946 
02951 
02956 
02961 
02965 
02970 
02975 
02980 
02985 

10.44898 
44864 
44831 
44798 
44765 
4473* 

44666 

44633 
44600 

44567 

10  ^ 

1 

I 
5 

4 
3 

% 
I 
0 

Co-iine.  1  Sine.  |  Co-ung.  |  Tangent.  | 

Co-fecant.  |  Secant. 

M. 

fi 

m'vrf^F' 

y   Tl 

k_ 

69  Degrees, 


Tab. 

XXII.  A  Tabic  of  Artificial  Sines,  Tang,  and  Sec.  n  Degrees. 

M. 

Sine. 
9-55433 

Co- fine. 

Tangent. 

Co- tang. 

>  Secant. 

Co-fecant. 

o 

9.97015 

9.58418 

10.41582 

10.02985 

10.44567 

60 

I 

55466 

97010 

58455 

41545 

02990 

44534 

59 

% 

55499 

97005 

58493 

41507 

02995 

44501 

58 

3 

55531 

97001 

58531 

41469 

02999 

44468 

57 

4 

55564 

96996 

^ifi 

41431 

03004 

44436 

56 

5 

55597 

96991 

58606 

41394 

03009 

44403 

55 

6 

55630 

96986 

58644 

41356 

03014 

44370 

54 

7 

55663 

96981 

58681 

41319 

03019 

44337 

53 

8 

55695 

96976 

58719 

41281 

03024 

44305 

5* 

9 

10 

55728 
9.55761 

96971 

58757 

41243 

03029 

44272 

51 

9.96966 

9.58794 

10.41206 

10.03034 

10.44239 

50 

II 

55793 

96962 

^!E3^ 

41168 

03038 

44207 

49 

12 

55826 

96957 

58869 

41131 

03043 

44104 

48 

»3 

55858 

96952 

58907 

41093 

03048 

44142 

47 

H 

55891 

96947 

58944 

41056 

03053 

44109 

46 

'1 

559*3 

96942 

58981 

41019 

03058 

44077 

45 

i6 

55956 

96937 

59019 

40981 

03063 

44044 

44 

17 

55988 

96932 

59056 

40944 

03068 

440" 

4S 

i8 

56021 

96927 

59094 

40906 

03073 

43979 

4» 

19 

56053 

96922 

59131 

40869 

03078 

43947 

41 

£0 

9^56085 

9.96917 

9.59168 

10.40832 

10.03083 

10.43914 

40 

21 

56118 

96912 

59205 

40795 

03088 

43882 

39 

22 

56150 

95907 

59243 

40757 

03093 

43850 

3S 

*3  , 

56182 

96903 

59280 

40720 

03097 

43818 

37 

»4 

56215 

96898 

593^7 

40683 

03102 

43785 

36 

*l 

56247 

96893 

59354 

40646 

03107 

43753 

35 

26 

56279 

96888 

59391 

40609 

03112 

43721 

34 

a? 

56311 

96883 

59429 

40571 

03117 

43689 

33 

28 

56343 

96878 

59466 

40534 

03122 

43657 

3* 

^9 

56375 

96873 

59503 

40497 

03127 

43625 

3» 

30 

9.56408 

9.96868 

9-59540 

JO. 40460 

10.03132 

10.4359a 

30 

31 

56440 

96863 

59577 

40423 

03137 

43560 

»9 

3^ 

56472 

96858 

59614 

40386 

03142 

435^8 

z% 

33 

56504 

96853 

59651 

40349 

03147 

43496 

i? 

34 

56536 

96848 

59688 

40312 

03152 

43464 

x6 

35 

56568 

96843 

597*^5 

40275 

03157 

43432 

as 

36 

56599 

96838 

5976a 

40238 

03162 

43400 

*4 

37 

56631 

96833 

59799 

40201 

03167 

43369 

23 

3« 

56663 

96828 

59835 

40165 

03172 

43337 

22 

39 

56695 

96823 

59872 

40128 

03177 

43305 

ai 

40 

9.56727 

9.96818 

9.59909 

10.40091 

10.03182 

10.43273 

ac 

41 

56759 

96813 

59946 

40054 

03187 

43241 

»9 

4» 

56790 

96808 

59983 

40017 

03192 

43210 

18 

43 

56822 

96803 

60019 

39981 

03197 

43178 

17 

44 

56854 

96798 

60056 

39944 

03202 

43146 

16 

.45 

56886 

96793 

60093 

39907 

03207 

43114 

15 

4« 

56917 

96788 

60130 

39870 

03212 

43083 

14 

47 

56949 

96783 

60166 

39834 

03217 

43051 

13 

48 

56980 

96778 

60203 

39797 

03222 

43020 

la 

49 

57012 

96772 

60239 
9.60276 

39760 

03228 

42988 

II 

50 

9-57044 

9.96767 

10.39724 

10.03232 

10.42956 

10 

51 

57075 

96762 

60313 

39687 

03238 

42925 

9 

5* 

57107 

96757 

60349 

39651 

03243 

42893 

8 

53 

57138 

99752 

60386 

39614 

03248 

42862 

7 

54 

57169 

96747 

60422 

3957S 

03253 

42830 

6 

5| 

57201 

.  96742 

60459 

39541 

03258 

42790 

5 

56 

57232 

96737 

60495 

39505 

03263 

42768 

4 

^l 

57264 

96732 

60532 
60568 

39468 

03268 

42736 

3 

5« 

57295 

96727 

39432 

03273 

42705 

2 

|5 

57326 

96722 

60605 

39395 

03278 

42674 

I 

60 

57357 

96717 

60C41 

39359 

03283 

42642 

0 

Co-Gne. 

Sine. 

Co- tang. 

Tangent. 

Co-fecant. 

Secant. 

-M-j 

W  tk^x^«^i 


Tab.  XXII.  A  Tabic  of  Artificial  Sines,  Tang,  and  Sec.  ti  Degteel. 

M. 

Sine.- 

Co-fine. 

Tangent. 

Co-tang. 

Secant. 

Co-fecant. 

o 

9*57358 

9.96717 

^.60641 

10.39359 

10.03283 

10.42642 

60 

I 

57389 

96711 

60677 

393*3 

03289 

42611 

59 

% 

57420 

96706 

60714 

39286 

03294 

42580 

58 

3 

5745* 

96701 

60750 

39250 

03299 

42549 

57 

4 

5748a 

96696 

60786 

39214 

03304 

425,8 

56 

5 

575M 

96691 

60823 

39177 

03309 

424^6 

55 

6 

57545 

96686 

60859 

39141 

03314 

4*455 

54 

7 

57576 

96681 

60895 

39105 

03319 

42424 

53 

8 

57667 

96676 

60931 

39069 

03324 

4*393 

5* 

9 

57638 

96670 

60967 

39033 

03330 

42362 

51 

lO 

9.57669 

9.96665 

9.61004 

10.38996 

10.03335 

10.42331 

50 

II 

57700 

96660 

61040 

38960 

03340 

42300 

49 

la  " 

5773» 

96655 

61076 

38924 

03345 

42269 

48 

«3 

57762 

96650 

61112 

38888 

03350 

42238 

47 

«4 

57793 

96645 

61 148 

38852 

.  03355 

42207 

46 

15 

57824 

96640 

61184 

38816 

03360 

42176 

45 

i6 

57854 

96634 

61220 

38780 

03366 

42145 

44 

I? 

57885 

96629 

61256 

38744 

03371 

42115 

43 

i8 

57916 

96624 

61292 

38708 

03376 

42084 

42 

'9 

57947 

96619 

61328 

38672 

03381 

42053 

41 

20 

9^57978 

9.96614 

9.61364 

10.38636 

•  10.03386 

10.42022 

40 

2*1 

58008 

96608 

61400 

38600 

03392 

41992 

39 

22 

58039 

9660^1 

61436 

38564 

03397 

41961 

38 

23 

58070 

96598 

61472 

38528 

03402 

41930 

37 

*4 

58100 

9^593 

61508 

38492 

03407 

41899 

36 

*5 

58131 

96588 

61544 

38456 

03412 

41869 

35 

26 

.58162 

96582 

61579 

38421 

03418 

41838 

34 

*7 

58192 

96577 

61615 

38385 

03423 

41808 

I  33 

28. 

S8jt23 

96572 

61651 

38349 

03428 

41777 

3* 

»9 

58253 

96567 

61687 
9.61722 

38313 

03433 

41747 

31 

SO 

9.58284 

9.96562 

10.38278 

10.03438 

JO. 41716 

30 

31 

58314 

96556 

61758 

38242 

03444 

41686 

*9 

32 

■■     58345 

96551 

61794 

38206 

03449 

41655 

28 

33 

5837s 

96546 

61830 

38170 

03454 

41625 

*7 

34 

58406 

96541 

61865 

38135 

03459 

41594 

26 

35 

58436 

96535 

61901 

38099 

034^5 

41564 

45 

36 

58467 

9653c 

61936 

38063 

03470 

41533 

*4 

37 

58497 

96525 

61972 

38028 

03475 

41503 

*3 

38 

58527 

96520 

62008 

3799* 

03480 

41473 

2^ 

39 

58557 

96514 

62C43 

37957 

03486 

41443 

21 

40 

9.58'588 

9.96509 

9.62079 

10.37921 

10.03491 

10.41412 

20 

41 

586 1  ii 

96C04 
96^98 

62 1 14 

37886 

03496 

41S82 

19 

42 

58648 

62150 

37850 

03502 

41352 

i3 

43 

58678 

96493 

62185 

37815 

03507 

413^* 

17 

44 

58708 

96488 

62221 

37779 

03512 

41291 

i(i 

^1 

58739 

96483 

62256 

37744 

03517 

41261 

1$ 

46 

58769 

96477 

62291 

37708 

0J523 

41231 

>4 

47 

58799 

96472 

62327 

37673 

03528 

41201 

ij 

48 

58829 

96467 

62362 

37638 

03533 

41171 

12 

49 

58859 

96461 

62398 

37602 

03539 
10.03544 

41141 
10.41111 

11 

10 

50 

9.58889 

9.96456 

9.62433 

10.37567 

51 

58919 

■  96451 

62468 

3753* 

03549 

41081 

9 

5» 

58949 

9644s 

62504 

37496 

03555 

41051 

8 

53 

58979 

96440 

6x<;3q 

37461 

03560 

41021 

I 

54 

59C09 

96435 

62574 

37426 

03565 

40991 

6 

55 

59039 

96429 

62609 

37391 

03571 

40961 

5 

56 

59069 

.  96424 

62645 

37355 

03576 

40931 

4 

57 

59098 

96419 

62680 

37320 

03581 

40902 

3 

58 

59128 

96413 

62715 

37285 

03587 

40872 

2 

59 

59158 

96408 

627^0 

37250 

03592 

40842 

I 

60 

5Q188 

96403 

62785 

37215 

'  03507 

d.0812 

0 
M. 

Confine.  1 

Sine.  1 

Co-tang. 

Tangent. 

Co-lecant. 

becant. 

67  Degrees, 


Tab.  XXn.   A  Table  of  Artificial  Sines,  Tang,  and  Sec  23  Degrees; 


M. 

Sine. 

Co-Hne. 

Tangent. 

Co- tang. 

Secant. 

Co-fecant. 

0 

9.59188 

9,96403 

9.62785 

10.37115 

10.03597 

10.40812 

60 

I 

59117 

96397 

62820 

37180 

03603 

40782 

59 

% 

59147 

96392 

62855 

37145 

03608 

40753 

58 

3 

59»77 

96386 

62890 

37110 

03613 

40723 

57 

4 

59307 

96381 

62926 

37074 

03619 

40693 

56 

5 

59336 

96376 

62961 

370.39 

03624 

40664 

55 

6 

59366 

1,6370 

62996 

37004 

03630 

40634 

54 

7 

5939^ 

96364 

63031 

36969 

03635 

40604 

53 

8 

594*5 

96360 

63066 

36934 

03640 

4057s 

5a 

9 

59455 

96354 

63101 

36899 

'     03646 

40545 

51 

10 

9.59484 

9.96349 

9.63135 

10.36865 

10.03651 

10.40516 

50 

II 

595H 

96343 

63170 

36830 

03657 

40486 

*f 

1% 

59543 

96338 

63205 

36795 

03662 

40457 

48 

U 

59573 

96333 

63240 

36760 

03667 

40427 

^Z 

H 

59602 

J6327 

63275 

36725 

03673 

40398 

46 

»S 

59632 

96322 

63310 

36690 

03678 

40368 

45 

16 

59661 

96316 

63345 

3665s 

03684 

40339 

44 

17 

59690 

96311 

63379 

36620 

03689 

40310 

43 

18 

59720 

96305 

63414 

36586 

03695 

40280 

4* 

»9 

59749 

96300 

63449 

36551 

03700 

40251 

41 

20 

9-59778 

9.96294 

9.63484 

10.36516 

10.03706 

10.40222 

40 

21 

59808 

96289 

63519 

36481 

03711 

40192 

39 

22 

59X37 

96284 

63553 

36447 

03716 

40163 

38 

*3 

59896 

96278 

63588 

36412 

03722 

40134 

H 

*4 

59895 

96273 

63623 

36377 

03727 

40105 

36 

»5 

599H 

96267 

63657 

36343 

03733 

40076 

35 

26 

59954 

96262 

63692 

36308 

03738 

40046 

34 

^7 

59983 

96256 

63726 

36274 

03744 

40017 

33 

28 

60012 

96251 

63761 

36239 

03749 

39988 

3* 

29 

60041 

96245 

63796 
9.63830 

36204 

0375s 

39959 

31 

30 

9*60070 

9.96240 

10.36170 

10.03760 

10.39930 

30 

31 

60C99 

96234 

63865 

36x35 

03766 

39901 

*2 

3» 

60128 

96229 

6^899 

36101 

03771 

39872 

28 

33 

60157 

96223 

63934 

36066 

03777 

39843 

27 

34 

60186 

96218 

63968 

36032 

03782 

39814 

26 

35 

60215 

96212 

64003 

35997 

03788 

39785 

25 

36 

60244 

96207 

64037 

35963 

03793 

39756 

24 

37 

60273 

96201 

64072 

359*8 

03798 

397*7 

as 

38 

60302 

96196 

64106 

35894 

03804 

39698 

»2 

39 

60331 

96190 

64140 

35860 

03810 

39669 

21 

40 

9.60359 

9.96185 

9.64175 

10.35825 

10.03815 

10.39641 

20 

41 

60388 

96179 

64209 

35791 

03821 

39612 

^l 

4» 

60417 

96174 

64243 

35757 

c-826 

39583 

18 

43 

60446 

96168 

64278 

35/22 

03832 

39554 

^l 

44 

60474 

96162 

64312 

35688 

03838 

395*5 

16 

45 

60503 

96157 

64346 

35654 

03843 

394^.7 

15 

46 

60532 

96151 

64381 

35619 

03849 

39468 

14 

47 

60561 

96146 

64415 

35585 

03855 

39439 

13 

48 

60589 

96140 

64449 

35551 

03860 

39411 

IX 

49 

60618 

96135 

64483 
9.64517 

35517 

03866 
10.03871 

39382 

II 

50 

9.60646 

9.96129 

10.35483 

10.39353 

10 

51 

60675 

96123 

64552 

35448 

03877 

39325 

9 

5* 

60704 

96118 

64586 

35414 

03^82 

39276 

8 

53 

60732 

96112 

64620 

35380 

03888 

3926S 

7 

54 

60761 

961:7 

64654 

35346 

03893 

39239 

6 

55 

60789 

96101 

64688 

35312 

03999 

39211 

5 

56 

60818 

96095 

64722 

35278 

03905 

391:2 

4 

57 

60846 

96090 

647  5  <> 

35^44 

0391C 

39154 

3 

58 

60874 

96084 

64790 

35210 

03916 

39125 

2 

59 

60903 

96070 

64824 

35176 

03:;2i 

390^7 

I 

60 

60931 

06073 

64858 

35142 

03927 

3'jc6-.; 

0 

1   ' 

Uo-liiic. 

Sine. 

Co-uag. 

Tangent^ 

Lo-fccani. 

Secant.^ 

M. 

t6^^yc^% 


iTiLB. 

X^IT.  A  Table  of  Artificial  Sines^  Tan2>  and  Sec.  14  Degrees. 

M. 

Sine. 

Confine. 

Tangent. 

Co.  tang. 

Secant. 

Co-fccant. 

0 

9.60931 

9.96073 

9.64858 

10.35142 

xo. 03927 

xo. 39069 

60 

1 

60960 

96067 

64892 

35108 

03933 

39040 

59 

2 

6o9ii8 

96062 

64926 

35074 

03938 

39012 

58 

3 

61C16 

96.56 

64960 

35040 

03944 

38984 

57 

4 

61C45 

96050 

64994 

35006 

03950 

38955 

56 

5 

61C73 

96045 

65028 

3497* 

<53955 

389*7 

55 

6 

6moi 

^6039 

65062 

34938 

03961 

38899 

54 

7 

61129 

96034 

65096 

34904 

03966 

38871 

53 

8 

!"J! 

96028 

65130 

34870 

03972 

3«?4* 

5» 

9 

61186 

96022 

65 1 H 
9.65197 

34856 

03^78 

38814 

51 

lO 

9.61214 

9f96oi7 

10.34803 

10.03983 

10.38786 

50 

II 

6x242 

96011 

65*31 

34769 

03989 

38758 

:i 

i» 

6x270 

96005 

65265 

34735 

03995 

38730 

»3 

61298 

95999 

65299 

347^1 

04000 

38702 

47 

H 

61326 

95994 

Hill 

34667 

04006 

38674 

46 

>5 

61354 

95988 

34634 

040x2 

38646 

45 

i6 

61382 

95982 

65400 

34600 

040x8 

38618 

44 

17 

6141 1 

95977 

65434 

34566 

04023 

38589 

43 

i8 

61438 

95971 

65467 

34531 

04029 

38561 

42 

'9 

61466 

95965 

65501 

34499 

04035 
10.04040 

38534 

4^ 

zo 

9.61494 

9.95960 

9'65S35 

10.34465 

xo. 38506 

40 

21 

61522 

95954 

65568 

3443* 

C4046 

38478 

39 

22 

61550 

95948 

65602 

34398 

04052 

38450 

38 

^3 

61578 

9594a 

65636 

34364 

04058 

38422 

37 

H 

61606 

95937 

65669 

3433i 

s  04063 

38394 

36 

*J 

^1634 

95931 

65703 

34*97 

04069 

38366. 

35 

26 

61661 

959*5 

65736 

34264 

64075 

38338 

34 

*7 

6x689 

959*0 

65770 

34*30 

04080 

383" 

33 

28 

6x717 

959H 

65803 

34197 

04086 

38283 

32 

29 

6x745 

95908 

65837 

34163 

04092 

38*55' 

31 

30 

9.6x773 

9.95902 

9.65870 

10.34130 

10.04098 

10.38227 

30 

31 

6x800 

95896 

65904 

340^6 

04103 

38200 

11 

3* 

6x828 

95891 

65937 

34063 

04109 

38172J 

33 

t'll^ 

95885 

65971 

34029 

04I1S 

38144: 

27 

34 

61883 

95879 

66004 

33996 

0412  X 

38117 

26 

35 

619XX 

95873 

66038 

33962 

04127 

^8089: 

25 

3« 

6x939 

95868 

66071 

339*9 

04X32 

3806,- 

24 

15 

6x966 

95862 

66104 

33896 

04138 

38034^ 

*3 

6x994 

95856 

66138 

33862 

04144 

38006 

22 

39 

62021 

95850 

66171 

33829 

O4I5P 

37979 

21 

40 

9.62049 

9.95844 

9.66204 

10.33796 

XO. 04156 

10.37951 

20 

41 

62076 

95839 

66238 

33762 

04I6I 

379*4 

19 

42 

62x04 

95833 

66271 

•  337*9 

04167 

37896 

18 

41 

62131 

95827 

66304 

33696 

04173 

37869 

17 

44 

62x59 

95821 

66337 

33663 

04x79 

37841 

16 

45 

62186 

95815 

66371 

33629 

04185 

37814 

15 

46 

61214 

95810 

66404 

33596 

04190 

37786 

14 

47 

62241 

95804 

66437 

33563 

04196 

377^9 

13 

48 

62268 

95798 

66470 

33530 

04202 

3773* 

12 

49 
50 

62296 

9529* 

66503 

33497 

04208 

37704 

II 

9.62323 

9.95786 

9.66537 

10.33463 

10.04214 

10.37677 

10 

51 

62350 

95780 

66570 

33430 

C4220 

37650 

1   ' 

Sa 

62377 

95775 

66603 

33397 

04225 

37623 

53 

62405 

95769 

66636 

33364 

04231 

37595 

7 

54 

62432 

95763 

66669 

3333» 

04237 

37568 

6 

.  55 

62459 

95757 

66702 

33*98 

04243 

37541 

5 

56 

62486 

9575J 

-66735 
66768 

33265 

04249 

375'4 

4 

57 

62513 

95745 

33232 

04*55 

37487 

3 

58 

62541 

95739 

6680] 

33199 

0426  J 

37459 

2 

|9 

625^ 

95733 

66834 

33,66 

04267 

3743* 

I 

60 

.  ^259.5 

qi7*8j 

66867 

pm 

..   04272 

37405 

0 

.  ■  ^  J 

Co-finc.  1 

Sine.  ^ 

Co-dlag. 

Tangent. 

Co-l'ecani." 

1  Secant. 

M.J 

z» 
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I( 

Ta-b.  XXII.  a  TaHc  of  Artificial  Sines,  Tang,  and  Sec.  z^  Degrees, 

M. 

Sine. 

Co-finc 

Tangent. 

Co-tang. 

Secant. 

Co-fecant. 

o 

9.6259^ 

9.95728 

9.66S67 

10-33133 

10.04272 

10. 3740s 

60 

I 

02022 

9572Z 

6690G 

33100 

04278 

37378 

59 

2 

6lf)^l) 

9*5716 

66933 

33067 

04284 

37351 

58 

3 

6267b 

.95;'o 

66966 

33034 

04290 

37324 

57 

4 

62703 

95704 

669.9 

33001 

C4296 

37297 

56 

5 

62730 

95698 

67032 

22968 

04302 

37270 

55 

6 

6i757 

95692 

67065 

3^935 

04308 

37243 

54 

7 

62784 

95686 

67098 

,   32902 

04314 

37216 

53 

8 

6281J 

956S0 

67131 

32869 

04320 

37189 

52 

9_ 

lO 

■  C2838 
9.62865 

95674 
9.95668 

67163 

32837 

04326 

37162 

51 
50 

9.67196 

10.32^04 

10.04332 

10.37135 

n 

62892 

95662 

67229 

J2771 

04337 

37108 

49   , 

12 

'62918 

95657 

67262 

32738 

04343 

37082 

48 

13 

62945 

95651 

67295 

32705 

04349 

37055 

47 

14 

62972 

95645 

67327 

32673 

<54355 

37028 

46 

»i 

•  629 Q9 

95639 

673^0 

32640 

04361 

37001 

45 

.   i6 

■  63026 

.95633- 

673^3 

32607 

•04367 

'■        36974 

44 

17 

63052 

95627 

67426 

3*574 

04373 

36948 

43  : 

i8 

63079 

95621 

67458 

32542 

04379 

36921 

42 

-_iL_ 

63106 

95615 

674'yi 

32509 

.   043S5 

36894 

41 

20 

9.63133 

9.95609 

9.67524 

10.32476 

la. 04391 

.  10.36867 

40 

21 

63MQ 

95603 

67556 

3^444 

04397 

36841 

39 

22 

63186 

95597 

67589 

32411 

04403 

36814 

38 

13 

63212 

9S59r 

67622 

32378 

04409 

36787 

37   ; 

24 

.63^39 

95585 

67654 

32346 

04415 

36761 

36 

»5 

63166 

95579 

67687 

32313 

04421 

.   3-6734 

35 

26 

63292 

9557J 

67719 

32281 

04427 

36708 

34 

27 

63319 

95567 

67752 

32248 

04433 

36681 

33 

28 

^3345 

95561 

6.7785 

32215 

04439 

36655 

3» 

29 

63372 
9.'63398 

.95555 

67817 

32183 

C4445 

36628 

30 

30 

9-95549 

9.0785c 

10.32150 

10.04451 

10.36602 

31 

63425 

.  95543 

67882 

32118 

04457 

36575 

29 

3^ 

63451 

95537 

67915 

32085 

04463 

36549* 

2S 

S3 

63478 

95531 

.   67.947 

32053 

04469 

J%22 

*7 

34 

63504 

955^5 

67080 

32040 

04475 

36496 

26 

35 

63531 

95519 

.68012 

31988 

04481 

36469. 

25 

36 

63557 

95513: 

•6S044 

31956 

04487 

36443 

*4 

H 

635S3 

95507 

68077 

319^3 

04493 

36417 

23 

3« 

6361c 

95500 

68109 

31891 

04500 

36390 

22 

39 

63636 

95404 
9.9^488 

68142 
9.68174 

31858 
10.31826 

04^06 

36364 

21 

40 

9.63662 

10.04512 

10.36338 

20 

41 

.  63689 

9.5482 

68206 

31794 

0451S 

3^>3ii 

19 

42 

.  $3715 

^5476 

6S239 

31761 

04524 

36285 

18 

43 

63741 

■95470 

6S271 

31729 

04530 

36259 

17 

44 

.63767 

95464 

68303 

31697 

045:36 

36233 

16  ; 

^^ 

^3793 

95458 

68336 

31664 

04542 

J6206 

15 

46 

63820 

9545^ 

68368 

31632 

04^48 

36180 

14 

47 

63846 

95446 

6S400 

31600 

:  04554 

36154 

13 

48 

63872 

95440 

.68432 

31568 

04560 

3612^ 

12 

49 

63898 

95434 

68465 

31535 

04566 

36102 

11 

50 

9.63924 

^•95427 

9.68497 

10.31503 

10.04573 

10.36076 

10 

51 

63950 

95421 

68529 

31471 

04579 

36050 

9 

52 

63976 

95415 

68561 

31439 

04585 

■  36024 

8 

53 

64002 

95409 

65?593 

31407 

04591 

3599S 

7 

54 

64028 

954^3 

68626 

31374 

04597 

35972 

6 

55 

64054 

95397 

68658 

31342 

04603 

35946 

5 

56 

64080 

953^1 

6S600 

31310 

04609 

35920 

4 

57 

64106 

95384 

687^2 

31278 

04616 

35894 

3 

58 

64132 

95378 

68754 

31246 

04622 

S5868 

2 

59 

641, S 

95372 

687S6 

31214 

04628 

.35842 

I 

_6o 

64184 

9>3^6 

68818 

31182 

•  04634 

35816 

0 

Co- fine. 

Sine.  1 

Co- tang. 

Tarigcmt. 

"Co^fccant. 

Secant* 

M. 

«tf 

mmmmmi^ 

..fe^'^S^^* 


^ 

Tab. 

XXIT. ;  A' Table  of  Artificial  Sines,  ' 

Tang,  and  Sec.  26  Degrees. 

M. 

Sine. 

Co-fine. 

Tangent. 

Co-tang. 

Secant. 

Co-fccant- 

o 

9.641S4 

9.95366 

9.68818 

10.31182 

10. 04634 

10.35816 

60 

•  I 

64210 

95360 

68850 

31150 

04640 

35790 

59 

2 

^42  3  6 

95354 

6888z- 

3M18 

C4646 

3*5764 

•  5? 

3 

5^*?! 

95348 

68914 

31086 

04652 

35738 

si 

4 

64288 

95341 

68946 

31054 

04659 

357^2 

56 

I 

64313 

95335 

68978 

3J022 

04665 

.  35687 

55 

6 

64339 

953*9 

69010" 

30990 

04671 

35661 

54 

7 

64305 

953*3 

69042 

30958 

04677 

35635 

53 

S 

64391 

95317 

69074 

30926 

04683 

35699 

5« 

9 

64417 

95310 

_  69106 

.   30894. 

04690 

35583 

51 

lO 

9.64442 

9.95304 

9.69138 

10.30862 

10.04696 

10.35558 

50 

ri 

64468 

9529« 

69170 

30830 

04702 

35532 

49 

12 

64494 

9^292 

69202 

30798 

04708 

35506 

48 

13 

64519 

95286 

69234 

30766 

047  J4J 

35481 

47 

H 

64545 

95279 

69266 

30734 

04721 

35455 

46 

»5 

64571 

'   95*73 

6929l^ 

30702^ 

04727 

35429 

45 

i6 

64596 

95267 

69329 

30671 

04733 

35404 

44 

17 

64622 

95261 

69361 

30639 

04739 

35378 

43 

iS 

64647 

95*54 

69393 

30607 

04746 

35353 

42 

'9 

64673 
9.64698 

.95248 

69425 

.  30575 

04752 

35327 

41'  . 

20 

9-95*4* 

9.69457 

10.30543 

10.04758 

10.35302 

40 

*I  . 

64724 

95*36 

69488 

30512 

04764 

35276 

39 

22 

64749 

95229 

69520 

30480 

04771 

35251 

38 

»3   . 

64775 

95223 

69552 

30448 

04777 

352*5 

37 

14 

64S00 

95*17 

69584 

30416 

C4783 

35200 

36 

*5 

64826 

95211 

69615 

30385 

04789 

35174 

35 

26 

64851. 

95204 

696471 

30353 

04796 

35149 

34 

27 

64877. 

95198 

69679 

30321 

64802 

35123 

33 

2S 

64902 

95192 

69710 

30290 

04808 

35098 

32 

29 

64927 

95185 

69742 

30258 

04815 

35073 

31 

30 

9.64953 

9.95179 

9.69774 

10.30226 

10.04821 

10.35647 

30 

31 

64978 

95173 

69805 

30195 

04827 

35022 

^ 

3» 

65603 

95167 

59837 

30163 

04833 

,  34997 

28 

33  . 

^5029 

95160 

69868 

30132 

04840 

34971 

27 

34 

^5054} 

95154 

69900 

30100 

04846 

34946 

ze 

3| 

^5079 

95148 

69932 

3DO68 

04852 

.   34921 

25 

3* 

65104 

95141 

69963 

30037 

04859 

34896 

24 

^2 

65130 

95135 

69995 
70026 

3OCO5 

04865 

34870 

23 

3« 

65155 

95x29 

*9974 

04871 

34845 

22 

39  . 

65180 

95122 

70058 

29942 
XO. 29911 

04878 

34820 

21 

40 

9.65205 

9.95116 

9 . 70089 

10.04884 

10.34795 

20 

4^ 

65230 

95110 

70121 

29879 

04890 

34770 

'2 

42 

65255 

95103 

70152 

29848 

04897 

34745 

i« 

43 

65281 

95097 

70184 

29816 

04903 

34719 

17 

44 

■65306 

95090 

70215 

297«5 

04910 

34694 

16 

^1 

'65331 

95084 

70247 

29753 

C4916 

34669 

15 

4<> 

65356 

95078 

70278 

29722 

04922 

.34644 

14 

47 

65381 

95071 

70309 

29691 

04929 

34619 

13 

4« 

65406 

95065 

70341 

29659 

04935 

34594 

12 

49 

65431 

95059 

70372 

29628 

04941 

'  34569 

II 

SO 

9.65456 

9.95052 

9.70404 

10.29596 

10.04948 

10.34544 

10 

SI 

65481 

95046 

7043  s 

29565 

04954 

34519 

9 

s» 

65506 

95039 

70466 

»9534 

04961 

34494 

8 

S3 

65531 

95033 

70498 

29502 

04967 

34469 

7 

54 

65556 

•  950*7 

70529 

29471 

04973 

34444 

6 

55 

65580 

95020 

70560 

29440 

04980 

34420; 

5 

56 

65605 

95014 

70592 

29408 

04986 

34-395 

4 

57 

65630 

95007 

70623, 

29377 

04993 

S4?70 

S 

5» 

^Ai^ 

95001 

70654 

29346 

04999 

^4345 

i 

|9 

656&0 

94994 

70685 

29315 

o5ot55 

34320 

I 

.60  ■ 

65705 

Q498.8 

70717 

29283 

05012 

34295 

0 

Co-fine. 

Sine. 

Co-tang. 

Tangent. 

Co-fecanti 

Secant. 

M. 

Zzz 


-63  Degrees. 


Tab.  XXIL  A  Tabk  of  ArtiiicW  Sines,  Tang^  and  Sec.  27  Degrees^ 

bU 

Sme< 

9.949S3 

Tingcnt. 

Cq^Tang. 

Sftcant* 

Co'kcmt. 

0 

^,657'=S 

9-707*7 

iO.JC3233 

to. 0501^ 

10.34*95 

60 

I 

65719 

949U 

7074S 

19254 

050  lE 

34171 

^t 

1 

*5754 

94975 

70779 

»9iii 

05015 

34146' 

sa 

3 

65779 

94,^69 

70810 

19190 

05031 

34i^i 

57 

4 

£5804 

94v6i 

70341 

19159 

o5<^3S 

34196 

S6 

5 

658^8 

9495^ 

70873 

19117 

05044 

3417* 

55 

6 

65*53 

9494? 

70904 

^9096 

05051. 

K147 

54 

7 

65»?K 

$4943 

7*2935 

lt;06S 

05057 

3411a 

53 

S 

fiS^ci 

94936 

70966 

19:^34 

05064 

34098 

5^ 

9 

659^7 

9493c* 

70997 

19003 

0C070 

34073 

51 

JO 

9-^5?S* 

9-949^3 

9.710*8 

10.1897* 

10.05077 

.  10-34048 

50 

It 

65976 

94017 

71059 

1894' 

C5083 

34014 

tl 

n 

66C01 

94910 

7lOyO 

1S9IO 

050S9 

33999 

n 

66os^ 

94^0* 

7JIII 

*3379 

O509i5 

33975 

47 

14  - 

46ofQ 

n^9^ 

7JJ51 

1SS47 

c  5102 , 

33950 

46 

'S 

<^6o7S 

94*91 

71134 

igSii6 

05109 

33915 

^5     , 

16 

66099 

94S34 

7iaiS 

*S7S5 

05115 

33901 

44 

17 

«6ii4 

94*^7  S 

71246 

1S754 

05111 

33*76 

43 

jS 

€ii4* 

94^M 

71277 

i«;i3 

05119 

33S52 

41 

'9 

66175 

94*65 

7130S 

18691 

05'35 

33«^7 

41 

3^0 

S^6bii>7 

9.^4.rs8 

9'7i339 

io*i366j 

10,05343 

10-33803 

40 

31 

66x^1 

94»5i 

7137Q 

18630 

05  M 

33779 

3^ 

^h 

66Z46 

943,5 

71401 

2SSV9 

«SrS5 

33754 

3« 

33 

66170 

94E19 

7H3* 

28568 

C5161 

33730 

37 

Z+ 

6^295 

94?3i 

71461 

28538 

osr6S 

33705 

36 

>5 

66J19 

948i6 

7H)3 

28507 

05174 

35681 

35 

16 

66343 

94«i^. 

7JSU 

28476 

osiSi 

33657 

34 

17 

66368 

94S13 

71555 

i»445 

C5r37 

33631 

33 

=^8 

66392 

94*06 

71536 

s;84,4 

05194 

3360S 

3» 

iq 

664x6 

947'>'' 

7i6j7 

i^ifij 

05101 

335^4 

31 

3Q 

9,66441 

J'94793 

9.71648 

io-alf35a 

10,05107 

»o. 33559 

30 

31 

66465 

947S6 

7i6'/v 

iS^ia 

05114 

33535 

^i 

^^ 

66439 

947^0 

7^70rt 

18191 

05120 

335" 

iS 

31 

66513 

94773 

71740 

1S260 

05227 

334*7 

17 

34 

66537 

94767 

71771 

^8219 

c5^33 

33+63 

16 

^5 

§6562 

94760 

7jSoi 

a£io8 

05^40 

33^» 

*5 

36 

66466 

94753 

7J«33 

$8167 

^5^7 

33414 

14 

37 

66(610 

94747 

738&5 

28x37 

C5253 

33390 

^3 

3S 

66634 

9474C» 

7^894 

18106 

05260 

33366 

11 

3Q 

66653 

94734 

7*9^5 

aSo75 

052.66 

'     3334^ 

xt 

40 

9.666KZ 

9''34?i7 

9-71955 

10.28045 

10*052,73 

10.3331S, 

±0 

4< 

66706 

947ap 

719S6 

i8i?]4 

05180 

33193, 

^9 

4* 

66731 

947  H 

7JiOi7 

^79^3 

051S6 

33169 

iS 

43 

66755 

94707 

72048 

279J2 

05293 

33^45 

17 

44 

66779 

94700 

7^078 

1791Z 

05300 

33m 

16 

45 

66803 

94694 

1       7^J°9 

1789J 

C;5306 

33»97 

n 

4& 

66^7  7 

946^7 

71140 

17860 

05313 

33173 

14 

47 

66851 

94680 

7-^70 

17830 

05310 

33149 

13 

48 

66875 

94674 

71201 

27799 

05326 

33115 

11 

49 

66899 

94667 

7223. 

27769 

OS333 

33101 

11 

SQ 

9,669^1 

9*94660 

9.72^62 

10*177 jS 

110*05340 

10.33078 

10  1 

Si 

66^46 

94654 

7i293 

17707 

05346 

33054 

9 

5^ 

66970 

94647 

71319 

^7678 

OS3S3 

33030 

3 

S3 

66994 

94640 

7*3  54 

17646 

05360 

33006 

7 

54 

670  iS 

94634 

7*3^4 

27616 

05366 

32981 

6 

55 

6704* 

94647 

72415 

^7585 

05373 

319  ss 

S 

5& 

67066 

94610 

7H45 

175SS 

05380 

3^934 

4 

^Z 

67090 

94614 

72476 

17  5H 

05386 

31910 

3 

5* 

67113 

94^c^7 

72506 

17493 

05393 

32887 

X 

^^ 

67i|7 

9460^ 

73537 

174^3 

054-0 

31863 

I 

60 

671^' 

^4593 

7a5&7 

2  7433 

05407 

3iS39 

1    ^    . 

... 

CJo-  fine. 

Stne*     1 

Ci3-Ud^. 

Tm^ciiU  ] 

Co-fccjn^l 

Secant. 

M, 

t%  l)^^^^< 


Tab,  XXII.  A  Table  of  Artificial  Sines,  Tang,  and  Sec.  28  Degitct. 

M. 

Sine. 

Co-fine. 

Tangent. 

Co-Ung. 

Secant, 

Co-fccant. 

0 

9.67161 

9-94593 

9.72567 

10.27433 

10.05407 

JO. 32839 

60 

I 

67185 

94587 

72598 

27402 

05413 

32815 

^2 

[ 

2 

67208 

94580 

72628 

27372 

03420 

32792 

58 

■ 

3 

67232 

94573 

72659 

27341 

05427 

32:768 

57 

4 

67256 

94567 

72689 

27311 

05433 

32744 

56 

5 

67280 

94560 

72720 

27280 

05440 

32720 

55 

6 

67303 

94553 

72750 

27250 

05447 

32697 

54 

7 

67327 

94546 

72780 

27220 

•05454 
C5460 

32673 

53 

8 

673S0 

94540 

728 1 1 
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6S831 

00R94 

69715 

2? 

'     36 

y^2^^ 

99104 

3^133 

68767 

00896 

69664 

^4 

37 

3°vA 

991C1 

3^297 

68703 

00*99 

69602 

*3 

3S 

3o.%59 

99099 

31361 

6S639 

00901 

69541 

11 

39 

1       305^1 

99096 

31414 

6SS75 

00  904 

69479 

11 

10 

4Q 

9,3058^ 

9,99053 

9,31414.5 

10*61^511 

10*00907 

10*69418 

4* 

1       3*^^41 

9909. 

31552 

6S448 

00909 

^9357 

19 

4a 

30704 

9908S 

31616 

68384 

00912 

692.96 

iS 

43 

3-765 

99086 

31679 

68320 

C0914 

69235 

17 

. 

44 

3GS:t6 

95°*  i 

31743 

68157 

00917 

69174 

16 

'^S 

30S37 

99081 

31306 

:      6:^174 

C0920 

69113 

JJ 

46 

SO?47 

99073 

31S70 

6SI30 

00922 

69053 

14 

47 

3i&^S 

99075 

31933 

68067 

00915 

6R992 

13 

43 

3106S 

99072 

31996 

63oo4 

0092B 

6S93' 

12 

47 

31129 

9907c 

3lo5rj 

67941 

QO930 

68871 

11 

5.0 

9-3ii^iJ 

9,99067 

9«31I2:2 

lo.h-j^-jg 

io*co933 

10.68811 

10 

5' 

3'i4l 

99^64 

32185 

67Hi^ 

OU936 

6S750 

9 

S» 

3(3ia 

9906  a 

32148 

67752 

00938 

68690 

S 

53 

3137c 

11       9i?°5*J 

3x311 

67689 

00941 

68630 

7 

54 

3*43^ 

95056 

3^373 

67647 

Q0944 

68570 

6 

SS 

31490 

9905^1 

[        3H3^ 

67564 

00946 

68510 

S 

5^ 

3154s 

99^5^ 

32498 

675^^ 

00949 

6B45» 

4 

51 

31^0^ 

9904* 

31561 

67439 

C09S2 

6S391 

$ 

) 

5S 

3i66fi 

'       9904^ 

316*3 

67377 

C0954 

68331 

2 

59 

3i7"^a 

9?o43 

3.685 

67315 

00957 

68172 

1 

eo 

31783 

nf}o^c 

^         1^747 

^7^^^ 

C0960 

68211 

0 

Co-fmt^. 

^     Sme,     \Co-Ui\^* 

{  4  an^;enc. 

Cu-i'ccdnt* 

1     SecanU 

'\%  t)t.^\^%. 


Tab.  XXII.  A  Table  of  Artificial  Sines,  Tang,  and  Sec.  ii  Degree** 


M. 

Sine. 

Co- fine. 

Tang. 
9-32747 

Co-tang. 

Secant. 

Co-fec^nt. 

o 

9.31788 

9.99040 

10.67253 

10.00960 

10.68212 

60 

I 

31847 

99038 

32810 

67190 

00962 

68153 

59 

2 

31907 

99035 

32872 

67128 

00965 

^8093 

58 

3 

31966 

99032 

32933 

67067 

00968 

68034 

^Z 

4 

32015 

99030 

32995 

^7<^.S 

P0970 

67975 
67916 

56 

5 

32084 

99027 

33057 

66943 

Q09>3 

55 

6 

32143 

99024 

33119 

66881 

00976 

67857 

54 

7 

3  2202 

99022 

33180 

66820 

00978 

67798 

53 

8 

32261 

99019 

33242 

66758 

C0981 

67739 

5* 

9 

32319 

99016 

33303 

66697 

00984 

67681 

5' 

lO  ' 

9.32378 

9.99013 

9.33365 

10,66635 

10,00987 

10.67622 

50 

II 

32437 

99011 

33426 

66574 

00989 

67563 

49 

12 

3*495 

99008 

33487 

66513 

00992 

67505 

48 

13 

3*553 

99005 

33548 

66452 

00995 

67447 

H 

14 

32612 

99002 

33609 

66391 

00998 

67388 

46 

'5 

32670 

99000 

33670 

66330 

OIOOO 

67330 

4i5 

i6 

32728 

98997 

33731 

66269 

01003 

67272 

44 

, 

17 

32786 

98994 

3379* 

66208 

01006 

67214 

43 

ig 

32844 

98991 

33853 

66147 

01009 

67x56 

4» 

19 

32902 

98989 

33913 
9-33974 

66087 

OlOII 

67098 

41 

20 

9.32960 

9.98986 

10.66026 

ic. 01014 

10.67040 

40 

21 

33018 

98983 

34034 

65966 

CIOI7 

66982 

^2 

22 

33075 

98980 

34095 

65905 

01020 

5?2?5 

38 

a3 

33133 

98978 

34155 

65845 

CI022 

66867 

37 

24 

33190 

9897s 

34215 
34276 

65784 

01025 

66810 

36 

*5 

33248 

98972 

65724 

01028 

66752 

35 

' 

26 

33305 

98969 

34336 

65664 

OIO3I 

6^695 

34 

*7 

33362 

98967 

34396 

65604 

01033 

66638 

33 

2S 

33420 

98964 

34456 

65544 

01036 

66580 

3» 

29 

33477 

98961 

34516 

65484 

01039 

66523 

_3i_ 

30 

\ 

30 

9*33534 

9.98058 

9.34576 

10.65424 

10.01042 

10.66466 

• 

31 

3359i 

98955 

34635 

65365 

01045 

66409 

11 

32 

33647 

98953 

34695 

65305 

01047 

66352 

33 

33704 

98950 

34755 

65245 

01050 

66296 

27 

34 

33761 

9^947 

34814 

65186 

01053 

66239 

26 

35 

33818 

98944 

34874 

65126 

01056 

66182 

*5 

36 

33874 

98941 

34933 

65067 

01059 

66126 

44 

37 

33931 

98938 

34992 

65008 

01062 

66069 

*3 

38 

33987 

98936 

35051 

64949 

01064 

66013 

22 

39 

34043 

98933 

35111 
9.35170 

64889 

01067 

65957 

21 

20 

40 

9.34100 

9  98930 

10.64830 

10.01070 

10.65900 

41 

34156 

98927 

35229 

64771 

01073 

-  f^V 

\l 

42 

34212 

98924 

35288 

64712 

01076 

65788 

43 

34268 

98921 

35346 

64653 

01079 

65732 

^7 

44 

34324 

98919 

35405 

64595 

01081 

65676 

16 

^1 

34380 

98916 

35464 

64536 

01084 

65620 

15 

46 

34435 

98913 

35523 

64478 

01087 

65564 

14 

47 

34491 

98910 

35581 

64419 

01090 

65509 

»3 

48 

34S47 

98907 

35640 

64360 

01093 

65453 

12 

49 

34602 

98904 

35698 

64302 

01096 

65398 

IX 

50 

9.34658 

9.98901 

9-35757 

10.64243 

10.01099 

10.65342 

10 

51 

34713 

98898 

35815 

64185 

01102 

65287 

9 

52 

34769 

98896 

35873 

64x27 

01104 

65231 

8 

53 

34824 

98893 

35931 

64369 

OIIO7 

65176 

7 

54 

34879 

98890 

35989 

64011 

OHIO 

65121 

6 

55 

34934 

98887 

36047 

63953 

01113 
01II6 

65066 

.  5 

56 

34989 

98884 

36105 

63895 

65011 

4 

57 

35044 

98881 

36163 

63837 

01119 

64956 

3 

58 

35099 

98878 

36221 

63779 

01122 

.  64901 

a 

59 

35154 

98875 

36279 

63721 

01125 

64846 

X 

60 

35209 

98872 

36336 

63664 

01128 

64791 

0 

Co-Ane.  | 

Sine.  1 

Co-tang.  I 

Tangent. 

Co-fecant. 

Sec^xa^ 

S^  \\. 

s^ 

77  Degrees* 


Tab. 

XXII.  A  Table  of  Artificial  Sines,  Tang,  and  Sec.   13  Degrees. 

M. 

Sine. 
9-35^09 

Co-fine. 

Tangent. 
9.36336 

Co-tang. 

Secant. 

Co-fccaiit. 

o 

9.98872 

10.63664 

10.01128 

10.64791 

60 

X 

35263 

98869 

36394 

63606 

01130 

64736 
64682 

^2 

z 

35318 

98867 

36451 

63548 

01133 

58 

3 

35373 

98864 

36509 

63491 

01J36 

64627 

57 

4 

354^7 

98S61 

36566 

63434 

01139 

64573 

56 

35481 

98858 

36624 

63376 

01142 

64518 

55 

6 

35536 

9S855 

36681 

63319 

01145 

64464 

54 

7 

35590 

98852 

36738 

63262 

01x48 

64410 

S3 

8 

35644 

98849 

36795 

63205 

01151 

64356 

S» 

9 

35698 

98846 

36852 

63148 

01154 

64302 

51 
50 

lO 

9-35752 

9.98843 

9.36909 

10.63091 

10.01157 

10.64248 

II 

35806 

98840 

36966 

63034 

01160 

64194 

tl 

xz 

35860 

98837 

37023 

62977 

01163 

64140 

'3 

35914 

98834 

37080 

62920 

01166 

64086 

^l 

14 

35968 

98831 

37137 

6^863 

01169 

64032 

46 

»5 

36021 

98828 

37x93 

62807 

01172 

63978 

45 

i6 

36075 

98825 

37250 

62750 

01x75 

63925 

44 

17 

36129 

98822 

37306 

62694 

01178 

63871 

43 

iS 

36181 

98819 

37363 

62637 

0x181 

63818 

42 

'9 

36236 

98^16 

37419 

62581 

01184 

63764 

41 

20 

9.36289 

9.98813 

9*37476 

10.62524 

10.01187 

xo. 63711 

40 

XI 

36342 

98810 

3753* 

62468 

01 190 

63658 

P 

22 

36395 

98807 

37588 

62412 

01193 

63605 

23 

36448 

98804 

37644 

62356 

01196 

63551 

37 

24 

36502 

98801 

37700 

62300 

01199 

63498 

36 

*5 

36555 

98798 

37756 

62244 

01202 

63445 

ZS 

36 

36607 

98795 

37812 

6218S 

01205 

63392 

34 

27 

36660 

98792 

37869 

62132 

01208 

63340 

33 

aS 

36713 

98789 

37924 

62076 

01211 

63287 

32 

a9 

36766 

98786 

37980 

62020 

01214 

63234 

31 

30 

9.36818 

9.98783 

9.38035 

10.61965 

10.01217 

10.63181 

30 

31 

36871 

98780 

38091 

61909 

01220 

63129 

29 

32 

36924 

98777 

38147 

61853 

01223 

63076 

28 

33 

36976 

98774 

38202 

61798 

01226 

63024 

27 

34 

3702S 

98771 

38257 

61742 

01229 

62971 

26 

35 

37081 

98768 

38313 

61687 

01232 

62919 

25 

36 

37133 

98765 

38368 

61632 

01235 

62867 

24 

37 

37185 

98762 

38423 

61577 

01238 

62815 

23 

3« 

37237 

9^759 

38479 

61521 

01241 

62763 

22 

39 

37289 

98756 

38534 

61466 

01244 

62711 

21 

40 

9-37341 

9.98753 

9.38589 

10.61411 

10.01247 

10.62659 

20 

41 

37393 

98749 

38644 

61356 

01250 

62607 

19 

42 

37445 

98746 

38699 

61301 

01254 

62555 

ig 

43 

37497 

98743 

38754 

61246 

01257 

62503 

17 

44 

37549 

98740 

38808 

61192 

0x260 

62451 

16 

45 

3  7600 

98737 

38863 

61137 

01263 

62400 

»5 

46 

37652 

98734 

389,8 

61082 

0x266 

62348 

14 

47 

37703 

98731 

38972 

61028 

01269 

62296 

13 

4« 

37755 

98728 

39027 

60973 

01272 

62245 

12 

49 

37806 

98725 

39081 

60918 

01275 

62194 

II 

SO 

9-37858 

9.98722 

9.39136 

10.60864 

10.01278 

10.62142 

10 

$1 

37909 

98719 

39x90 

60810 

0X2gl 

62091 

9 

5* 

37960 

98715 

39245 

60755 

0x285 

62040 

8 

53 

3801 1 

98712 

39299 

60701 

01288 

61989 

7 

54 

38062 

98709 

39353 

60647 

01291 

61938 

6 

55 

38113 

98706 

39407 

60593 

01294 

61887 

5 

56 

38164 

98703 

39461 

60539 

0X297 

61836 

4 

57 

38215 

98700 

39515 

6048: 

0X300 

61785 

3 

58 

38266 

98697 

39569 

60431 

01303 

61734 

a 

59  ■ 

38317 

98694 

39623 

60377 

01306 

61683 

I 

60 

3^36^ 

\    q%690 

(   ^9677 

60323 

01310 

61632 

0 
M-  ' 

i^o-Cinc. 

^  Smc. 

\  Co-Uiv^ 

\  Tw\^ttv\.. 

\Q.Q-^'«.'MVt. 

Secant. 

'^bTit^^ts* 


Tab. 

XXII.  A  Table  of  Artificial  Sines,  Tang,  and  Sec.  14  Degree. 

M. 

Sine. 

Co- fine. 

Tangent. 

Co -tang. 

Secant. 

Co-fccant. 

a 

9.38368 

9.98690 

9.39677 

10.60323 

10. 0x310 

10.61632 

60 

I 

38418 

98687 

3973J 

60269 

01313 

61582 

S9 

2 

38469 

98684 

39785 
39838 

60215 

01316 

61531 

5< 

3 

38519 

98681 

60162 

01319 

6x481 

57 

4 

38570 

'  98678 

39892 

60x08 

01322 

61430 

5< 

5 

38620 

98675 

39945 

60054 

01325 

61380 

SS 

6 

38670 

98671 

39999 

60001 

01329 

61330 

54 

7 

38721 

98668 

40052 

59948 

01332 

6x280 

SS 

S 

38771 

98665 

40106 

59894 

C1335 

61229 

S* 

9 

38821 

,  98662 

40159 

59841 

01338 

61179 

5« 

10 

9.38871 

9.98659 

9.40212 

10.59788 

10.01341 

10.61x29 

50 

II 

38921 

98655 

40266 

59734 

01344 

61079 

49 

12 

38971 

98652 

40319 

59681 

01348 

6x029 

4«  - 

»3 

39021 

98649 

40372 

59<i28 

01351 

60979 

47 

H 

39071 

98646 

40425 

59575 

01354 

60929 

4« 

15 

39121 

98643 

40478 

59522 

01357 

60879 

45 

i6 

39170 

98640 

4053^ 

59469 

0x360 

60830 

44 

J7 

39220 

98636 

40584 

59416 

01364 

60780 

41 

i8 

39270 

98633 

40636 

59363 

01367 

60730 

4* 

'9 

20 

39319 

98630 

40689 

593" 

01371 

60681 

4' 

9.39369 

9.98627 

9.40742 

10.59258 

10,01373 

10.60631 

4« 

21 

39418 

98623 

40795 

59205 

01377 

60582 

39 

22 

39467 

98620 

40847 

59153 

01380 

60533 

3« 

»3 

39517 

98617 

40900 

591C0 

01383 

604S3 

37 

»4 

39566 

98614 

40952 

59048 

01386 

60434 

3« 

*5 

39615 

98610 

41004 

58995 

01390 

60385 

35 

26 

39664 

98607 

41057 

58943 

01393 

60336 

34 

»7 

39713 

98602 

41 109 

58891 

0x396 

60287 

33 

28 

39762 

98601 

41161 

58839 

01399 

60238 

3» 

29 

39811 

98597 

41214 

58786. 

01403 

60189 

31 

30 

9.39860 

9.98594 

9.41266 

10.58734 

10.01406 

xo. 60140 

30 

31 

399C9 

98591 

41318 

58682 

01409 

60091 

29 

3» 

39957 

98588 

41370 

58630 

01412 

>6oo42 

2S 

33 

40006 

98584 

41422 

58578 

01416 

59994 

27 

34 

40055 

98581 

4H74 

58526 

01419 

59945 

26 

35 

40103 

98578 

41526 

58474 

01422 

59896 

25 

36 

40152 

98574 

41577 

58422 

01426 

59848 

24 

^2 

40200 

98571 

41629 

58371 

02429 

59800 

23 

38 

40249 

98568 

41681 

58319 

01432 

5975' 

22 

39 

40297 

98565 

4»733 

58267 

CI435 

59703 

21 

40 

9.40345 

9.98561 

9.41784 

10.58216 

10.0x439 

10.59654 

20 

41 

40394 

98558 

41836 

58164 

014^2 

59606 

19 

42 

40442 

98555 

41887 

^V'J 

01445 

59558 

18 

'43 

40490 

98551 

41939 

58061 

01449 

59510 

17 

.44 

40538 

98548 

41990 

58010 

01452 

59462 

16 

U 

40586 

98545 

42041 

57958 

01455 

594H 

IS 

40634 

98541 

42093 

57907 

01459 

59366 

,  H 

47 

40682 

98538 

42144 

57856 

0x462 

59318 

13 

48 

40730 

98535 

42195 

57805 

01465 

59270 

12 

49 
50 

40778 
9.40825 

98531 

42246 
9.42297 

57754 

01469 

59222 

II 

9.98528 

10.57703 

io.<^i472 

10.59175 

xo 

51 

40873 

•  98525 

,  42348 

57652 

01475 

59127 

9 

5» 

40921 

98521 

42399 

57601 

01479 

59079 

8 

53 

40968 

98518 

42450 

57550 

C1482 

59032 

7 

54 

41016 

98515 

42501 

57499 

0148^ 

58984 

6 

5| 

41063 

98511 

42552 

57448 

01489 

58937 

5 

56 

41111 

98508 

42603 

57397 

01492 

58889 

4 

57 

4x158 

98504 

42653 

57347 

01495 

58842 

3 

5S 

41205 

98501 

42704 

57296 

01499 

58795 

a 

P 

41252 

98498 

42755 

57245 

01502 

58748 

I 

60 

4i3(.'0 

98494 

42805 

57195 

0T506 

58700 

^^  '\ 

i 

Co-fine. 

Sine. 

Co-tang. 

Tangent. 

^  ^^o-fcca^evv. 

\   ^t^TV\. 

\  \^. 

^ 

75  Degrees. 


tA». 

XXII.  A  Table  of  Artificial  Sines,  tang,  and  Sec.  t^  Degrees. 

M. 

Sine. 

Co-fine. 

Tangent. 

Co-tang. 

Secant. 

Co-fecant. 

9.41300 

9.98494 

9.42805 

10.57195 

10.01506 

10.^8700 

60 

o 

41347 

98495 

42856 

57144 

01509 

^itn 

59 

I 

41394 

98488 

42906 

57094 

01512 

58606 

58 

X 

41441 

98484 

4*957 

57043 

01516 

58559 

57 

3 

41488 

98481 

43007 

56993 

ci5i^ 

^IH"- 

56 

4 

4^535 

98477 

43057 

56943 

01523 

5^«| 

5J 

1 

41582 

98474 

43108 

56892 

01526 

58418 

54 

42628 

98471 

43158 

56842 

01529 

58372 

53 

7 
8 

9_ 

41975 

98467 

43208 

56792 

01533 

58278 

5» 

41722 

J8464 

43*58 

56742 

01536 

51 

9.41768 

9 • 98460 

9.43308 

10.56692 

10.01540 

10.58232 

50 

lO 

41815 

98457 

43358 

56642 

01J543 

58185 

49 

II 

41861 

98453 

43408 

56592 

"  01547 

58138 

48 

JZ 

41908 

98450 

43458 

56542 

01550 

58092 

"^Z 

'3 

41954 

98447 

43508 

56402 

01553 

58046 

46 

'4 

420C1 

98443 

43558 

56442 

01557 

57999 

45 

\l 

42047 

98440 

43607 

56393 

01560 

57933 

44 

32093 

98436 

43657 

56343 

01564 

57907 

43 

'7 

42139 

98433 

43707 

56293 

01567 

57860 

4» 

lO 

19 

zo 

42186 

9S429 
9.93426 

43750 

56244 

01571 

57814 

41 

9.41232 

9.43806 

10.56194 

I©. 01 574 

10.57768 

40 

42278 

984** 

43855 

5614s 

0157S 

57722 

39 

ZI 
21 

42324 

98419 

43905 

56095 

01581 

57676 

38. 

42370 

98415 

43954 

56046 

01584 

57630 

37 

23 

14 

42416 

9S412 

44004 

55996 

01588 

57584 

36 

42461 

98409 

44053 

55947 

01591 

57538 

35- 

42507 

98405 

44102 

55898 

01595 

'    57493 

34 

a7 
28 

20 

4*553 

98402 

44151 

55848 

01598 

57447 

33 

42599 

98398 

44*01 

55799 

01602 

57401 

3» 

42644 

9839$ 

9.98391 

44250 
9.44299 

55750 

C1605 

57356 

31. 

"y 

9.42690 

10.55701 

10.01609 

10.57310 

30 

30 

4*735 

98388 

44348 

5565^ 

01612 

57*65 

29 

3' 
3* 
33 

42781 

98384 

44397 

55603 

01616 

57*19 

28 

42826 

98381 

44446 

55554 

.01619 

57174 

27 

42872 

98377 

44495 

55505 

01623 

57128 

26 

34 

11 

37 
3« 
39 

42917 

98373 

44544 

5545^> 

01626 

57083 

^5 

42962 

98370 

4459* 

554c8 

01630 

57038 

24 

43007 

98366 

44641 

55359 

01634 

56993 

*3 

43053 

98363 

44690 

55310 

01637 

56947 

22 

43098 
9«43H3 

983S9 

44738 

55262 
10.55213 

01641 

56902 

21 

9.98356 

9.44787 

10.01644 

fo. 56857 

20 

40 

43188 

98352 

44836 

55164 

01648 

56812 

19 

4^ 

43*33 

98349 

44884 

55116 

01651 

56767 

18 

42 

43*78 

98345 

44933 

55067 

01655 

56722 

17 

43 
44 
45 
46 

433*3 

98342 
9833* 

44981 

55019 

01658 

56677 

16 

433<'7 

.  45020 

54971 

01662 

56632 

15 

43412 

98334 

45078 

54922 

01666 

56588 

14 

43457 

9833' 

45126 

54874 

01669 

56543 

13 

47 
48 
49 

43502 

98327 

45174 

54826 

01673 

56498 

12 

43546 

98324 

45222 

54778 
10.547*9 

01676 

56454 

II 

9.43591 

9.98320 

9.45271 

10.01680 

10.56409 

10. 

50 

43635 

98317 

45319 

54681 

01683; 

56365 

9 

51 

43680 

98313 

45367 

54633 

01687 

96320 

8 

5* 

437*4 

98309 

454«5 

545^5 

C1691 

56276 

7 

53 

43769 

98306 

45463 

54537 

01694 

56231 

6 

54 

43813 

98302 

455" 

54489 

01698 

56187 

5 

u 

43^57 

98299 

45559 

5444X 

01701 

56143 

4" 

43901 

98295 

45606 

54394 

01705 

56099 

.3 

i 

43946 

9.8291 

45654 

54346 

01709 

56054 

2- 

4399o\  ifi%%% 

V   ivsio^ 

I    54298 

01712 

56010 

I 

F' 

44034.1   <)^^*^V  ^SIV 

\   c>\'\\^ 

I     55966 

0 

Cow&nt.  \  S\ne>  \eo-tuv^ 

^,\Tau%«.u\ 

..  \^AV.^T1\ 

.,\  '^^CMvX.. 

\i^r 

1 

k 

n^S^^^^'^* 


Tab. 

XXn.  A  Table  of  Artificial  Sines,  ' 

Tang,  and  Sec.  16  Degreei. 

M, 

sine. 

Co -fine. 

Tinge  nt. 

Co-uog. 

Secuit. 

Co-fecinu 

o 

9-44034 

9-98a?4 

9*45750 

10*54150 

10.01716 

10.55966 

$0 

t 

44o7» 

98281 

45797 

54103 

01^19 

55911 

59 

a 

4+na 

58177 

45845 

54155 

01713 

55878 

58 

3 

44**6 

9S173 

45891 

54ioli 

01717 

55834 

57 

4 

44AI0 

98170 

45940 

54*>6o 

C1730 

55790 

5& 

5 

44153 

98166 

45987 

54013 

01734 

55746 

55 

6 

44*^7 

91*261 

46035 

5396!| 

0173S 

55703 

54 

7 

44541 

98259 

460S2 

53*^* 

01741 

5059 

53 

S 

443^5 

9^355 

46*30 

SJ870 

01745 

55*15 

5» 

9 

.^z« 

98151 

46177 

53S11 

OJ749 

S5S71 

5» 

so 

to 

9'4447i 

9*9824^ 

9.46114 

10.53776 

ic. 31751 

10-5555.^ 

11 

4451s 

9814+ 

46271 

53718 

0J756 

55484 

49 

13 

445  59 

98440 

4631^ 

53*81 

01760 

55441 

48 

n 

446-a 

98137 

46366 

53^34 

01763 

SSJ97 

47 

'4 

44646 

98133 

464 » 3 

53587 

01767 

553-54 

4* 

'5 

4468y 

9jii> 

46460 

53540 

01771 

553U 

45 

i6 

44733 

9fi2a6 

46507 

53493 

CI  774 

55167 

44 

17 

4477^ 

9821JI 

46554 

53446 

01778 

55-14 

43 

iS 

44BJQ 

98218 

466f>t 

53399 

01781 

55181 

41 

— ^ 

443&1 

9^215 

46648 

53351 
10*53306 

01785 

55138 

4T 

lO 

9-449-5 

9 .9811 J 

3,46694 

ia.oi7iiy 

io.5Soy5 

4X3 

11 

4494^ 

98x07 

467*1 

53^59 

01793 

5505* 

39 

Zl 

449?  I 

9S203 

46788 

53H2 

OT796I 

55008 

38 

^3 

45035 

98200 

4683  s 

53165 

01800, 

549^5 

17 

14 

45077 

98J96 

46B81 

S3»t9 

0 1  &04 

54)13 

36 

*l 

4S'ao 

98191 

4*5918 

53^71 

01808 

548SC 1 

35 

■ 

a6 

45*63 

9S1S9 

46975 

53^15 

0181J 

54837 

34     ' 

17 

45206 

98185 

47021 

519  79 

01815 

54794, 

33 

,  zS 

4S24ri 

9S181 

470^8 

51931 

01819 

S475' 

31 

55^ 

3° 

_4S^ 
9^45334 

98177 

47114 

51886 
10.51840 

OJ813 

S47Ci8 

31 

30 

. 

9*98174 

9,47ibo 

IQ. 01816 

10.54666 

3» 

45377 

98170 

47107 

31793 

01830 

54614 

19 

3» 

454T9 

9Sii66 

47153 

51747 

01834 

54581 

i3 

33 

45462 

9R16- 

47199 

51701 

oi8]g 

5451S 

17 

14 

45SC>4 

9*159 

473+6 

5x654 

01841 

54496 

^6 

^1 

45547 

9|iS5 

47391 

52608 

01S45 

54453 

15 

36 

45589 

9S151 

47438 

52562' 

01849 

5441* 

14 

H 

45*31 

9*'47 

47484 

525,6 

01853 

543*8 

13 

3* 

45*74 

98144 

47530 

51470 

0*856 

5431* 

11 

19 

45716 

9S140 

47576 

51424 

oi36o 

54184 

11 

40 

9*4S75fl 

9*98156 

9,47612 

10.52378 

10.0TS64 

JO. 54141 

10 

41 

458^1 

9* '31 

47668 

5*331 

01868 

54199 

19 

4» 

4S«4! 

9S128 

47714 

51186 

01871 

54"  5  7 

iH 

43  ; 

45885 

9SJ15 

47760 

51140 

01B75 

54115 

17 

44    ! 

4SW 

9B111 

47806 

51194 

0187^1 

54073' 

16 

45 

45969 

98117 

47851 

5ii4ii 

01883 

54031 

15 

+6 

460  J I 

93  in 

475^97 

51102 

01887 

53989 

14 

47 

46055 

58109 

47943 

5*057 

01890 

53947 

n 

4« 

4609  s 

98106 

47989 

51011 

01894 

53905 

11 

49 

46136 

9810^ 

48034 

"11965 

01S98 

51864 

ft 

5^ 

9-4*^8 

9  .  it^Oq^ 

9.4^080 

10.51910 

lOrOl^Ol 

JO. 53S11 

10 

SI 

46S10 

9S0H 

48116 

51874 

01906 

537K0 

1 

51 

4^i6j 

9  8  090 

4^171 

51819 

01910 

53738 

53 

4630^ 

980117 

48117 

!'783 

OI9I3 

53*97 

7 

S4 

4634s 

980S3 

4826a 

5^73^ 

01917 

53*55 

€ 

H 

4<il86 

9S070 

48307 

51691 

01911 

53614 

5 

56 

4641^ 

98075 

4^353 

5164T 

01915 

S3  571 

4 

^? 

46469 

98071 

4S398 

5 1 60  J 

01919 

5353^ 

3 

S» 

465  M 

98^67 

43443 

5^557 

01933 

53489 

a 

S9 

4^55* 

98063 

48489 

51511 

01937 

5344^ 

t 

60 

4^594 

9806c 

48534 

51466 

01940 

5140* 

0 

k 
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T««.  WIT.    A  'I'.iMc  of  Artificial  Sines,  Tang,  and  Sec.  37  Degrea. 


!     M. 


•■If 

■  n  ■ 


I'.'  finr. 


•S      1   ;  I 


\ 

V 


Ta"frnt.     Co-tanj;. 


.S;7n 

S7S17 


]J. 11289 
12262 
12236 
I22IC 
12183 
I2157 

1U05 
I  icSSi 


nc; 
r  1 : 2 1 


.5 


■  ■  <: 


5J 


Secant. 


10.09765 
09775 
09784 
09794 
09803 
09S13 
09S22 

C0S41 


■  I 


Co-fecant. 


10.22054 
Z2037 
22020 
22003 
21987 
21970 

21937 
21920 
210C3 


C.SSc} 


=  1^5; 
21S37 
21S20 
2iSa3 
2 1  -  i  - 

21-5+ 
21-:- 


60 
59 
5^ 
57 
56 
55 
54 
53 
5» 
51 


50 
49 
40 

47 
46 

45 
44 
43 
43 


2$ 


Tab, 

XXII.  AT:AfcorArtifeiafSiii«,Tang.artdStc.  38  IVgiWfc. 

.M. 

sine. 

Co-fine. 

Tangent. 

Co-tan£. 

Secant. 

Co-fecant. 

o 

9'78934 

9.89653 

9.89281 

10.10719 

10.10347 

10.21066 

60 

z 

78950 

89643 

89307 

10693 

10357 

21050 

59 

2 

78967 

89633 

89333 

10667 

10367 

21033 

58 

3 

78983 

89624 

89359 

.  10641 

10376 

21017 

57 

4 

78999 

89614 

89385 

10615 

10386 

21001 

5« 

5 

79015 

89604 

89411 

10589 

10396 

20985 

5S 

6 

79031 

89594 

89437 

10563 

10406 

20969 

54 

7 

79047 

89584 

89463 

10537 

10416 

20953 

53 

8 

79063 

89574 

89489 

105 1 1 

10426 

20937 

52 

9 

79079 

89564 

89515 

10485 

10436 

20921 

51 

lO 

9.79095 

9.89554 

9.89541 

10.10459 

10.10446 

10.20905 

50 

II 

79111 

89544 

89567 

10433 

10456 

20889 

^? 

12 

79128 

89534 

89593 

10407 

10466 

20872 

48 

»3 

79144 

89524 

89619 

10381 

10476 

20856 

47 

>4 

79160 

89514 

S9645 

10355 

10486 

20840 

46 

IS 

79176 

89504 

89671 

10329 

10496 

20S24 

45 

i6 

79192 

89495 

89697 

10303 

J0505 

20808 

44 

17 

79-to8 

89485 

89723 

10277 

10515 

20792 

^3 

z8 

79**4 

89475 

89749 

10251 

10525 

20776 

42 

»9 

79240 

89465 

89775 

10225 

10535 

20760 

41 

2^ 

9.79256 

9.89455 

9.89801 

10.10199 

10.10545 

10.20744 

40 

• 

21 

79272 

89445 

89827 

10173 

10555 

20728 

3? 

22 

79288 

89435 

89853 

10147 

10565 

20712 

38 

23 

79304 

89425 

89879 

10121 

10575 

20696 

H 

»4 

79319 

89415 

89905 

10095 

10585 

20681 

36 

*5 

79335 

89405 

89931 

10069 

10595 

20665 

35' 

26 

79351 

89395 

89957 

10043 

1^605 

20649 

34 

27 

79367 

89385 

89983 

10017 

10615 

20633 

33 

28 

79383 

89375 

90009 

09991 

10625 

20617 

32 

29 

79399 

89364 

90035 

09965 

10636 

20601 

31 

30 

30 

9.79415 

9-89354 

9*90060 

10.09939 

10.10646 

10.20585 

31 

79431 

89344 

90086 

09914 

10656 

20569 

*2 

3a 

79447 

89334 

90112 

09888 

10666 

20553 

28 

33 

79463 

89324 

90138 

09862 

10676 

20537 

^l 

34 

79478 

89314 

90164 

09836 

10686 

20522 

26 

35 

79494 

89304 

90190 

09810 

10696 

20506 

25 

36 

79SIO 

89294 

90216 

09784 

10706 

20490 

24 

37 

79526 

89284 

90242 

09758 

10716 

20474 

23 

38 

79542 

89274 

90268 

09732 

10726 

20458 

22 

39 

79558 

89264 

90294 

09706 

10736 

20442 

21 

40 

9*79573 

9.89254 

9.90320 

10.09680 

10.10746 

10.20427 

20 

41 

79^89 

89244 

90346 

09654 

10756 

20411 

'2' 

4» 

-  79605 

89233 

90371 

09629 

10767 

20395 

18 

4% 

79621 

89223 

90397 

09603 

10777 

20379 

17 

44 

79636 

89213 

90423 

09577 

10787 

20364 

16 

45 

79652 

89203 

90449 

09551 

10797 

2034S 

IS 

46 

79668 

89193 

90475 

09525 

10807 

20332 

14 

47 

796S4 

89183 

90501 

09499 

-108 1 7 

20316 

13 

4« 

79699 

89173 

90527 

09473 

10827 

20301 

12 

49. 

79715 

89162 

90553 
9.90578 

09447 

IC838 

20285 

!  11 

50 

9-79731 

9.89152 

10.09422 

10,10848 

10.20269 

10 

5» 

79746 

89142 

90604 

09396 

10858 

20254 

9 

5* 

79762 

89132 

90630 

09370 

10868 

20238 

8 

.  53 

79775^ 

89122 

90656 

09344 

10878 

20222 

7 

54 

79793 

89112 

90682 

09318 

10888 

20207 

6 

li 

79809 

89101 

90708 

09292 

10899 

20191 

5 

79825 

89091 

S0734 

09266 

10909 

20175 

4 

S7 

7984c 

89081 

90759 

09241 

10919 

20160 

3 

S8 

79856 

89071 

90785 

09215 

10929 

20144 

2 

59 

79872 

89060 

908 II 

09189 

10940 

20128 

1 

60 

79887 

89050 

00837 

0916':; 

I0Q«50 

26*113 

0 

'■ 

Cu-finc. 

Sine. 

Co- tang. 

1  tangent. 

Co-fccant. 

Secant."" 
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i^ 

jp  Degrees. 


Ta». 

XXII.  A  Tabic  of  Artificial  Sines,  Tang,  and  Sec.  57  Degfw. 

M. 

Sine. 

Co-fine. 

Tangent. 

Co- tang. 

Secant. 

Co-fecant. 

o 

9.77946 

9.90235 

9.87711 

10. 11289 

10.09765 

10.22054 

60 

I 

77963 

90^25 

87738 

12262 

<>9775 

^2037 

^l 

2 

77980 

9021^ 

87764 

12236 

09784 

22020 

5» 

3^ 

77997 

90206 

S779«> 

12210 

09794 

92003 

^l 

4^ 

78013 

90197 

87817 

12183 

09803 

2x987 

56 

5 

78030 

90187 

87843 

12157 

09813 

ai97o 

55 

6 

78047 

90178 

87869 

12131 

09822 

21953 

54 

7 

78C63 

90168 

87895 

X2105 

09832 

41937 

^3 

% 

78080 

90159 

87922 

12078 

09841 

2x920 

5» 

9 

78097 

90149 

87948 

X20S2 

09851 

21903 

51 

xo 

9.7JJ113 

9.90139 

9.87974 

10.512026 

10.09861 

10,21887 

50 

IS 

78130 

90130 

88000 

12000 

09870 

11870 

^l 

IZ 

78147 

9©  1 20 

88027 

II973 

09880 

21853 

48 

»3 

78163 

90111 

88053 

"947 

09889 

11837 

^2 

14 

78180 

90101 

88079 

11921 

09899 

21820 

46 

IS 

78197 

90091 

88105 

11895 

09909 

21803 

45 

i6 

78213 

9008a 

88i3i 

ii8j$9 

09918 

21787 

44 

»7 

7823c 

90072 

881^8 

11842 

0992-8 

21770 

43 

j8 

78246 

90063 

88184 

11816 

09937 

21754 

42 

>9 

78263 
9^78280 

90053 

88210 

11790 

09947 

21737 

4» 

ao 

9.90043 

9.852^6 

10.11764 

10.09957 

10.21720 

40 

21 

78296 

90C34 

882(32 

11738 

09966 

21704 

35 

22 

78313 

900^4 

88289 

11711 

09976 

21687 

38 

aj 

78329 

90014 

88315- 

11-685 

09986 

21671 

'11 

24 

78346 

90005 

88341 

11659 

09995 

^1654 

*$ 

78362 

89995 

88367 

11633 

10005 

2x638 

35 

26 

78379 

89985 

88393 

11607 

10015 

2x621 

34 

a; 

78595 

89976 

88420 

H580 

10024 

21605 

33 

28 

78412 

89966 

88446 

«i554 

10034. 

2158S 

32 

29 

78428 

89956 

88472 

11528 

10044 

21572 

3» 

30 

30 

9.78445 

9.89947 

9.88498 

10.11502 

io. 10053 

X0.21555 

31 

78461 

89937 

88524 

11476 

10063 

21539 

li 

3» 

78478 

89927 

885^0 

11450 

10073 

11522 

33 

78494 

89917 

88576 

11424 

10082 

111506 

11 

34 

78510 

89908 

88603 

11397 

10092 

21490 

35 

78527 

89898 

88629 

I137I' 

10102 

21473 

as 

36 

78543 

89888 

88655 

"345 

roiii 

21457 

?4 

37 

78560 

89879 

88681 

11319 

10121 

21440 

»3 

3» 

7S576 

89869 

88707 

11293 

10131 

ir424 

2» 

39 

78592 

89850 

88733 

11267 

10141 

21408 

21 

40 

9.78609 

9.89849 

9.88759 

10. 11241 

10.10151 

xo. 2x391 

20 

41 

78615 

89840 

88786 

X1214 

10160 

2x375 

'.i 

4» 

78642 

89830 

88812 

tii88 

10170 

2x358 

43 

78658 

89820 

88838 

,   11162 

10180 

2x342 

\l 

44 

78674 

89810 

88864 

11x36 

1^190 

2x326 

4S 

78691 

»98oi 

8889<^ 

XllIO 

10199 

21309 

»s 

46 

78707 

89791 

88916 

1 1 084 

70109 

21293 

14 

47 

78723 

89781 

8B942 

X1058 

10219 

2x277 

13 

4^ 

78739 

89771 

88968 

XI032 

10229 

21261 

XI 

49 

78756 

89761 
-9.89752 

88994 
9.89020 

1 1006 

10239 

21244 

XX 

50 

9.78772 

10.10980 

10.10248 

10.21228 

10 

51 

7878S 

89742 

89046 

10954 

X0258 

2X2X2 

1 

5* 

7880s 

89732 

89073 

10927 

10268 

21195 

53 

78821 

89722 

89099 

10901 

10278 

21x79 

7 
6 

54 

78837 

89712 

89125 

10875 

10288 

21163 

55 

78853 

89702 

89151 

10849 

10298 

21X47^ 

5 

56 

78889 

896Q3 

89177 

10823 

10307 

11x31 

4 

57 

78S86 

89683 

89203 

10797 

10317 

11114 

3 

58 

78';o2 

89673 

89229 

10771 

10327 

21098 

1 

59 

78918 

89663 

8925s 

10745 

10337 

21082 

I 

60 

78034 

8^6s3 

80281 

10719 

10347 

21066 

' 

Cu-  iine. 

Sine. 

Co-tatig. 

Tangent. 

Co-fccant.  1 

Secant. 

M. 

k;l  Debtees. 


Tab, 

XXn.  ATibfco 

(AifiRcUi  Siftcs.  Tang-  «yd  Sic.   38  I>gtttfcr 

.M. 

sine. 

Co-fine. 

Tangent. 

Co-tang. 

Secant. 

Co-iecant. 

0 

9.78934 

9.89653 

9.89281 

10.10719 

10.10347 

10.21066 

60 

I 

78950 

89643 

89307 

10693 

10357 

2x050 

59 

2 

78967 

89633 

89333 

10667 

10367 

21033 

58 

3 

78983 

89624 

89359 

.  X0641 

10376 

21017 

57 

4 

78999 

89614 

89385 

10615 

10386 

2100i 

56 

5 

79015 

89604 

89411 

10589 

10396 

20985 

55 

6 

79031 

89594 

89437 

10563 

10406 

20969 

54 

7 

79047 

89584 

89463 

10537 

10416 

20953 

53 

8 

79063 

89574 

89489 

105 1 1 

10426 

20937 

51 

9 

79079 

89564 

89515 

10485 

10436 

"20911 

5' 

lO 

9.79095 

9.89554 

9.89541 

10.10459 

10.10446 

XO.20905 

50 

II 

79111 

89544 

89567 

10433 

10456 

20889 

*? 

12 

79128 

89534 

89593 

10407 

10466 

20872 

48 

'3 

79144 

89524 

89619 

10381 

10476 

20856 

47 

14 

79160 

89514 

89645 

10355 

10486 

20840 

46 

IS 

7917C 

89504 

89671 

10319 

10496 

20824 

45 

i6 

79192 

89495 

89697 

10303 

10505 

20808 

44 

17 

79208 

89485 

89713 

20177 

10515 

20792 

^3 

x8 

79224 

89475 

89749 

10251 

10525 

20776 

42 

19 

79240 

89465 

8977s 

10225 

'0535 

20760 

4" 

2d 

9.79256 

9.89455 

9.89801 

10.10199 

10.10545 

10.20744 

40 

21 

7927a 

89445 

89827 

10173 

X0555 

20728 

H 

22 

79188 

89435 

^?53 

10147 

10565 

20712 

38 

»3 

79304 

89425 

89879 

10121 

10575 

20696 

H 

a4 

79319 

89415 

89905 

10095 

10585 

20681 

36 

»5 

79335 

89405 

89931 

10069 

10595 

20665 

35" 

26 

79351 

89395 
89385 

89957 

10043 

IC605 

£0649 

34 

^7 

79367 

89983 

10017 

X0615 

20633 

33 

28 

79383 

89375 

90009 

09991 

10625 

20617 

31 

29 

79399 

89364 

90035 

09965 

10636 

20601 

31 

30 

30 

9.79415 

9.89354 

9.90060 

10.09939 

10.10646 

10.20585 

31 

79431 

89344 

90086 

09914 

10656 

20569 

*2 

3* 

79447 

89334 

90112 

09888 

10666 

20553 

28 

33 

79463 

89324 

90138 

09862 

10676 

20537 

^l 

34 

79478 

89314 

90164 

09836 

10686 

20522 

26 

35 

79494 

89304 

90190 

09810 

10696 

20506 

15 

36 

?95io 

89294 

90216 

09784 

10706 

20490 

14    ' 

37 

79516 

89284 

90142 

09758 

10716 

20474 

13 

38 

79541 

89274 

90268 

09732 

10726 

20458 

22 

39 

79558 

89264 

90294 

09706 

10736 

20441 

21 

40 

9*79573 

9.89254 

9.90320 

10.09680 

10.10746 

10.20427 

20 

41 

79589 

89244 

90346 

09654 

10756 

204 1 1 

'I 

4» 

-  79605 

89233 

90371 

09629 

10767 

20395 

18 

43 

79621 

89223 

90397 

09603 

10777 

20379 

17 

44 

79636 

89213 

90423 

09S77 

10787 

20364 

16 

45 

79652 

89203 

90449 

09551 

10797 

2O34S 

15 

46 

79668 

89193 

90475 

09515 

10807 

20332 

14 

47 

79684 

89183 

90501 

09499 

■10817 

20316 

M 

4« 

79699 

89173 

90527 

09473 

10827 

20301 

12 

49. 

797' 5 

89162 

90553 

09447 

10838 

20285 

!  11 

50 

9-7973« 

9.89152 

9.90578 

10.09422 

10. 10848 

10.20269 

10 

51 

79746 

89142 

90604 

09396 

20858 

20254 

9 

S* 

79762 

89132 

90630 

09370 

10868 

20238 

8 

53 

79778 

89x22 

90656 

09344 

10878 

2C222 

7 

$4 

79793 

89x12 

90682 

09318 

10888 

20207 

6 

55 

56 

79809 

89x01 

90708 

09292 

10899 

20191 

5 

79825 

89091 

90734 

09266 

10909 

2J175 

^ 

57 

7984c 

89081 

90759 

0924T 

1091^ 

20160 

^ 

S8 

79856 

89071 

90785 

09215 

10929 

10144 

"" 

59 

79872 

89060 

90811 

09189 

10940 

20128 

' 

60 

79887 

89050 

00837 

0916^ 

lOQfiO 

26113 

0  ' 

' 

Cu-fine. 

1  Sine. 

Co- tang. 

Tangent. 

Co-fecant. 

Secant.' 

M.-  '•■; 

51'  Degrees. 


Tai.  XXIL  a  TaHc  of  Artificial  Sines,  Tang,  and  Sec.  59  T^gMs^ 

M. 

Sine. 

Co- fine. 

Tangent. 

Co-tang. 

Secant. 

Co-fccant. 

9.79887 

9.89050 

9.90837 

10.09163 

10.1095c 

10.20113 

60 

.  79903 

89040 

90863 

09137 

10960 

20097 

59 

7991S 

89030 

90889 

OOIII 

10970 

20082 

58 

79934 

89020 

90914 

09080 

10980 

20066 

57 

79950 

89C09 

50940 

09c  60 

10991 

20050 

56 

5 

79965 

88909 

90966 

09034 

IlOOl 

20035 

55 

6 

79981 

88989 

90992 

09008 

IIOII 

20019 

54 

7 

79996 

88,78 

91018 

08982 

11022 

20004 

53 

8 

80C12 

88968 

91043 

08957 

IIO32 

i998ji 

5* 

9 

80027 

88958 

91069 

08931 

1 1 042 

.19973 

51 

10 

9.80043 

9.88948 

9.91095 

10.08905 
0S879 

IO.IIO5I 

10.19957 

50 

II 

80058 

88937 

91121 

11063 

19942 

49 

12 

80074 

88927 

-  9"47 

08853 

11073 

19926 

48 

13 

80089 

8891^ 

91172 

08828 

II083 

19911 

47 

H 

80105 

8  iii 

88006 
88896 

91198 

08802 

1 1094 

19895 

46 

»5 

91224 

08776 

11104 

19880 

45 

t6 

80136 

88886 

91*50 

08750 

IIII4 

19864 

44 

1? 

80151 

88875 

91276 

08724 

1 1 125 

19849 

43 

18 

80166 

88865 

91301 

08699 

11135 

19834 

4» 

19 

8oi8z 

8S855 

91327 

08673 

11145 

19818 

41 

ao 

9.80107 

9.88844 

9-91353 

10. 08647 

10.11156 

10.19803 

40 

21 

80213 

88834 

91379 

08621 

11166 

19787 

39 

22 

80228 

88824 

91404 

08596 

11176 

1977a 

38 

a? 

80244 

88813 

91430 

08570 

III87 

19756 

37 

24 

80259 

88803 

91456 

08544 

.11197 

19741 

36 

*5 

80274 

88793 

91482 

08518 

11207 

19726 

35 

16 

80190 

88782 

91507 

08493 

II218 

19710 

34. 

17 

80305 

88772 

91533 

08467 

II228 

19695 

33 

28 

80320 

88761 

9»559 

08441 

11239 

19680 

3* 

29 

80336 

88751 

91585 

08415 

11249 

19664 

31 

3<^ 

9.8035I 

9.88741 

9.91610 

10.08390 

10.11259 

10.19649 

30 

31 

80366 

88730 

91636 

08364 

11270 

19634 

11 

U 

80382 

88720 

91662 

08338 

11280 

19618 

n 

80397 

88709 

91688 

08312 

II291 

19603 

»7 

34 

80412 

88699 

91713 

08287 

11301 

19588 

26 

35 

80428 

88688 

91739 

08261 

II312 

19572 

a5 

36 

80443 

88678 

91765 

08235 

11322 

19557 

M 

37 

8045S 

88668 

91791 

08209 

11332 

19542 

13 

3« 

80473 

88657 

91816 

08184 

.  "343 

19527 

22 

39 

80489 

88647 

91842 

08158 

11353 

19511 

21 

4^ 

9  80504 

9.8S636 

9.9186S 

10.08132 

10.11364 

10. 19496 

to 

41 

80519 

88626 

91893 

©8107 

11374 

19482 

;r 

4» 

80534 

88615 

91919 

08081 

11385 

19466 

43 

80550 

88605 

91945 

08055 

IC39S 

19450 

i"; 

44 

8056s 

88594 

91971 

08029 

11406 

19435 

r6 

4« 

S0580 

88584 

91996 

08004 

11416 

19420 

15 

1^^ 

88573 

92022 

07978 

114*7 

19405 

14 

47 

88563 

92048 

0795* 

11437 

19390 

13 

48 

80625 

8855* 

92073 

07927 

11448 

19375 

12 

49 

80641 

88542 

92099 

07901 

.  11458 

19359 

11 

SO 

9.»o656 

9.88531 

9.92125 

10.07875 

10.11469 

10.19344 

10 

SI 

SC671 

88521 

92150 

07850 

11472 

19329 

I 

5» 

80686 

88510 

92176 

07824 

11490 

19314 

53 

80701 

88499 

92202 

07798 

1 1501 

19299 

7 

54 

80716 

88489 

92227 

07773 

11511 

19284 

6 

55 

80731 

88478 

92253 

07747 

11522 

19269 

5 

56 

80746 

88468 

92279 

07721 

11532 

19254 

4 

57 

80762 

88457 

92304 

07696 

11543 

19238 

S 

|8 

^'.y-v: 

8S447 

92330 

07670 

.  1155? 

19223 

% 

'  h 

80792 

88436 

92356 

076^ 

.   11564 

1^208 

1 

60 

80S07 

88425 

<>238i 

07619 

11575 

19193 

0 

Co- line. 

Sine. 

Co-tang. 

1  Tangent. 

1  OD-fecant. 

Secant. 

^olk^t^^:^ 


Tab. 

XXII.  A  Table  of  Artificial  Sines,  Tang,  and  Sec.  40  Degrees. 

M. 

Sine. 

Confine. 

Tangent. 

Co-tang. 

Secant. 

Co-.fecant. 

o 

9.80807 

9.88425 

9.92381 

10.07619 

10.11575 

10.19193 

60 

I 

80822 

88415 

92407 

07593 

11585 

19178 

^t 

X 

80837 

88404 

9*433 

07567 

11596 

19161 

19148 

58 

3 

80852 

88394 

92458 

07542 

J 1 606 

57 

4 

80867 

88383 

92484 

07516 

11617 

19133 

56 

5 

8o88i 

8857Z 

92510 

07490 

11628 

19118 

55 

6 

80897 

88362 

9*535 

07465 

11638 

'9'2J 

54 

7 

80912 

88351 

92561 

07439 

11649 

19088 

53 

8 

80927 

88340 

92587 

07413 

11660 

19073 

5* 

9_ 

lO 

80942 

88330 

92612 

07388 

11670 

19058 

_5i_ 

9.80957 

9.88319 

9.92638 

10.07362 

10.11681 

10.19043 

50 

II 

80072 

88308 

92663 

07337 

11692 

19028 

49 

12 

80987 

88298 

92689 

07311 

1 1702 

19013 

48 

>3 

81002 

88287 

9271s 

07285 

11713 

1899S 

47 

14 

81017 

88276 

92740 

07260 

11724 

18983 

46 

15 

81032 

88266 

92766 

07234 

11734 

18968 

45 

16 

8:046 

88255 

92792 

07208 

"745 

18954 

44 

17 

8ic6i 

88244 

92817 

07183 

11756 

18939 

43 

18 

81076 

88234 

92843 

07157 

11766 

18924 

42 

_i9_ 

20 

81091 

8S223 

92868 

07132 

11777 

18909 

41 

94.81106 

9.88212 

9.92894 

10.07106 

10.11788 

10.18894 

40 

21 

81121 

88201 

92920 

07080 

11799 

18879 

39 

22 

81136 

88191 

92945 

07055 

1 1 809 

18864 

38 

aj 

81151 

88180 

92971 

07029 

11820 

,8849 

37 

24 

81166 

S8169 

92996 

07004 

11S31 

18834 

36 

»5 

8fi8o 

88158 

93022 

06978 

1 1 842 

18820 

35 

26 

8ii95 

88148 

93048 

06952 

11852 

18805 

34 

27 

81210 

88,37 

93073 

06927 

11863 

18790 

33 

28 

81225 

88126 

93099 

06901 

11874 

'?775 

3* 

29 

81240 

88115 
9.88105 

93124 

06876 

11885 

18760 

31 

30 

9.81254 

9.93150 

10.06850 

10.11895 

10.18746 

30 

31 

81269 

88094 

93175 

06825 

11906 

'Vn 

*2 

32 

81284 

88083 

93201 

06799 

11917 

18716 

28 

33 

81299 

88072 

93227 

06773 

11928 

18701 

*7 

34 

^314 

88061 

93252 

06748 

11939 

18686 

26 

35 

81328 

88050 

/  93*78 

06722 

11949 

18672 

*5 

36 

81343 

88040 

93303 

06697 

1 1960 

18657 

M. 

37 

81358 

88029 

93329 

0667, 

11971 

18642 

»3 

3« 

• 
81372 

8S018 

93354 

06646 

11982 

18628 

22 

39 

813S7 

88007 

93380 

06620 

11993 

18613 

21 

40 

9.81402 

9.87996 

9.93406 

10.06594 

10.12004 

10.18598 

20 

«  41 

81417 

87985 

93431 

06569 

12015 

,8583 

'g 

42 

81431 

87975 

934S7 

06543 

12025 

18569 

18 

43 

81446 

87964 

93482 

06518 

12036 

18554 

17 

44 

8 146 1 

87953 

93508 

06492 

J  2047 

18539 

16 

45 

81475 

87942 

93533 

06467 

12058 

,8525 

15 

46 

81490 

87931 

93559 

06441 

12069 

18510 

14 

47 

81505 

87920 

93584 

06416 

12080 

^in^ 

13 

48 

81519 

87909 

93610 

06390 

1209 1 

18481 

12 

49 

81534 

87898 

93635 
9.93661 

06364 

12102 
10.12113 

18466 

11 

50 

9.81549 

9.87887 

10.06339 

10.18451 

10 

51 

81563 

87877 

93687 

°5^i2 

12123 

18437 

9 

5» 

S1578 

87866 

93712 

06288 

12134 

1842a 

8 

53 

81592 

87855 

93738 

06262 

12145 

18408 

7 

54 

81607 

87844 

93763 

06237 

12156 

'l^n 

6 

55 

81622 

87833 

93789 

06211 

12167 

18378 

5 

56 

81636 

87822 

93814 

06186 

12178 

18364 

4 

57 

81651 

87811 

9384. 

06160 

12189 

18349 

3 

58 

8166  <; 

87800 

93865 

06135 

12200 

18335 

2 

59 

81680 

87789 

\  93891 

06109 

12211 

18320 

I 

60 

81694 

87778 

93916 

06084 

12222 

18306 

0 

Confine. 

Sincr 

Co- tang. 

Tangent. 

Co-fecant. 

Secant. 

M. 

3  B 


^  Degrees. 


Tab.  XXIL  A  Table  of  Artificial  Sines,  Tang,  and  Sec.  41  Degites* 


M. 

Sine. 

Co- fine. 

Tangent. 

Co- tang. 

Secant. 

Co- fe  cant. 

0 

9.81694 

9.87778 

9.93916 

10.06084 

10.12222 

10.18306 

60 

I 

81709 

87767 

93942 

06058 

12233 

18291 

59 

2 

81723 

87756 

93y67 

06033 

12244 

18277 

58 

3 

8177S 

8774  = 

93993 

06007 

J2255 

18262 

57 

4 

81752 

87734 

94018 

05982 

12266 

18248 

56 

5 

81767 

87723 

94044 

05956 

12277 

18233 

55 

6 

81781 

877ii 

94069 

05931 

12288 

18219 

54 

7 

81796 

87701 

94095 

05905 

12299 

18204 

53 

8 

81810 

X-'690 

94120 

05880 

12310 

18190 

52 

9 

81S2S 

87679 

94146 

05854 

12321 

18175 

5' 

50 

10 

9.81839 

9.87068 

9.94171 

10.05829 

10.12332 

10.18161 

II 

81SC4 

87657 

94197 

05803 

12343 

18146 

49 

12 

8 1 368 

87646 

94A22 

05778 

12354 

18,32 

48 

'3 

81882 

87635- 

94248 

05752 

12365 

18118 

47 

14 

!^^>7 

87624 

94273 

05727 

*2376 

18103 

46 

15 

8j  ill 

87613 

94299 

05701 

12387 

18089 

45 

]6 

8x926' 

87601 

94324 

05676 

12399 

18074 

44 

17 

81940 

87590 

94350 

05650 

12410 

18060 

43 

18 

81954 

87579 

94375 

05625 

1242 1 

18046 

42 

'9 

81069 

87568 

94401 

05599 

12432 

18031 

41 

40 

20 

9.81^83 

9-87557 

9.94426 

10.05574 

ic. 12443 

10.18017 

21 

81998 

87546 

94452 

05548 

12454 

18002 

39 

22 

82012 

87535 

94477 

05523 

12465 

17988 

38 

*3 

82026 

87514 

94503 

05497 

12476 

17974 

37 

^4 

82041 

87513 

94528 

05472 

12487 

17959 

36 

^1 

82055 

87501 

94554 

05446 

12499 

17945 

35 

26 

82069 

87490 

94579 

05421 

12510 

17931 

34 

27 

82084 

87479 

94604 

05396 

12521 

17916 

33 

28 

82098 

87468 

94630 

05370 

12532 

17902 

32 

*9 

8211Z 

87457 

94655 

0534s 

12543 

178S8 

31 

30 

9.82126 

9.87446 

9.94681 

10.05319 

10.12554 

10.17874 

30 

3' 

82141 

87434 

94706 

05294 

12566 

17859 

29 

3» 

82155 

87423 

94732 

0526S 

12577 

17845 

28 

33 

^'^ 

87412 

94757 

05243 

12588 

17831 

27 

34 

82184 

87401 

94783 

05227 

12599 

17816 

26 

3S 

$2198 

87390 

94808 

05192 

12610 

17802 

25 

3^> 

^^212 

Vn^ 

94834 

05166 

1262Z 

17788 

24 

37 

82226 

^7ih 

94859 

05141 

12633 

17774 

23 

3» 

8224c 

87^56 

94884 

05116 

12644. 

17760 

22 

39 

82255 

8734s 

94910 

05090 

12655 

I774S 

21 
/o 

40 

9  82269 

9.87334 

iJ- 94935 

10.05065 

10.12666 

10.17731 

41 

82283 

87322 

94961 

05039 

12678 

17717 

19 

42 

82297 

873II 

94986 

.   05014 

12689 

17703 

18 

43 

82311 

87300 

95012 

04988 

12.700 

17689 

17 

44 

82326 

87288 

95037 

04963 

12711 

17674 

]6 

45 

82340 

87277 

95062 

04938 

12723 

17660 

15 

46 

82354 

87266 

95088 

04912 

12734 

17646 

14 

47 

82368 

8725s 

95"3 

04887 

"745 

17632 

13 

48 

82382 

87243 

95>39 

04861 

12757 

17618 

12 

49 

82396 
9.82410 

87232 

95164 

04836 

12768 

17604 

XI 

50 

9.87221 

',9.95190 

10.04810 

10.12779 

lo. 17590 

.  |0 

51 

82424 

87209 

95215 

04785 

12791 

17576 

9 

52 

82439 

87198 

95240 

04760 

12802 

17561 

8 

53 

82453 

87187 

95266 

04734 

12813 

17547 

7 

54 

82467 

87175 

95291 

04709 

12825 

>7533 

6 

55 

82481 

87164 

95317 

04683 

12836 

1751^ 

5 

56 

82495 

87153 

95342 

04658 

12847 

1750^ 

4 

57 

82509 

87141 

95368 

64632 

12859 

17491 

3 

58 

82523 

87130 

95393 

04607 

12870 

17477 

t 

1^ 

82537 

87119 

95418 

04582 

Z283i 

17463 

I 

60 

«2<;<;i 
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05444 

04556 
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17449 

0 
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Sine. 
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Tab.  XXIL  A  Table  of  Artificial  Sines,  Tartg.  and  Sec.  42  Degrees. 

M. 

Sine. 

Co-fine. 

Tangent. 

Co- tang. 

Secint. 

* 

Co-fecant. 

0 

9.82551 

9.87107 

9-95444 

10.04556 

10.12893 

10.17449 

60 

I 

82565 

87096 

95469 

04531 

12904 

'7435 

59 

2 

82579 

87085 

95495 

04505 

'   "915 

17421 

58 

3 

82593 

87073 

95520 

04480 

12927 

17407 

57 

4 

82607 

87062 

95545 

04455 

12938 

17393 

56 

5 

82621 

87050 

95571 

04429 

12950 

17379 

55 

6 

82635 

87039 

95596 

04404 

12961 

17305 

54 

7 

82649 

87028 

95621 

04378 

12972 

17351 

S3 

S 

82663 

87016 

95647 

04353 

12984 

17337 

5» 

9 

8Z677 

87005 

95672 
9.95698 

04328 

12995 

173*3 

51 

10 

9.82691 

9.86993 

10.04302 

10.13007 

10.17309 

50 

II 

82705 

86982 

957*3 

04277 

13018 

17*95 

49 

IZ 

82719 

86970 

95748 

04252 

13030 

17281 

48 

13 

82733 

86959 

95774 

04226 

13041 

17267 

47 

14 

82747 

86947 

95799 

0420, 

13053 

17253 

46 

15 

82761 

86936 

95825 

04,75 

;  13064 

17239 

45 

16 

•  82775 

86924 

95850 

04150 

13076 

17226 

44 

17 

82788 

86913 

95875 

04125 

131587 

17212 

43 

18 

^2802 

86902 

95901 

04099 

13098 

17108 
.  17184 

4* 

19 

82816 

86890 

95926 

04074 

13110 

41 

20 

9.82830 

9.86879 

9-9595* 

10.04048 

10.13121 

".10.17170 

■40 

21 

82844 

86867 

95977 

04023 

13133 

17156 

39 

22 

82858 

86855 

96002 

03998 

1 3 145 

1714* 

38 

*3 

82872 

86844 

^  96028 

-  03972 

13156 

17128 

37 

■  *4 

82885 

86832 

96053 

03947 

13168 

'   17115 

36 

*? 

82899 

86821 

96078 

039x2 

13170 

17101 

35 

26 

82913 

86809 

96104 

03896 

.  I3»9J 

17087 

34 

27 

82927 

86798 

96129 

03871 

13202 

17073 

33 

28 

82941 

86786 

96155 

03845 

13214 

17059 

3* 

29 

82955 

86775 

96,80 

03820 

.13225 

17045 

31  J 
30 

30 

9.82968 

9.86763 

9.96205 

rio. 03795 

^0.:i3237 

10.17032 

31 

82982 

86752 

9623, 

03769 

■  13.*48 

17018 

29 

32 

81996 

86740 

96256 

03744 

13260 

170C4 

28 

33 

83010 

86728 

9628J 

03719 

i3»7i 

16990 

27 

34 

83023 

867,7 

96307 

03693 

13*83 

16977 

26 

35 

83037 

86705 

-  9633* 

03668 

Jil*9S 

16963 

*5 

36 

83051 

86694 

96357 

0,3643 

13306 

16949 

24 

37 

83065 

866S2 

96383 

63617 

13318 

16935 

*3 

38 

83078 

86670 

96408 

03592 

13330 

.  •  ^¥"-1 

22 

39 

83092 

86659 

96433 

03567 

13341 

..  i.6cc8 
io.i6»94 

21 

40 

9.83106 

9.86647 

9.96459 

.10.03541 

10.13353 

20 

41 

8311Q 

86635 

96484 

03516 

13365 

16S80 

ig 

4» 

83133 

86624 

96510 

034^0 

13376 

16867 

18 

43 

83,47 

S6612 

96:35 

03465 

13388 

■  '^!53 

17 

44 

83161 

86600 

■96560 

03440 

13400 

'16839 

16 

45 

^'7J 

86589 

96586 

03414 

13411 

16826 

15 

46 

831S8 

86577 

96611 

03389 

134*3 

16S12 

14 

47 

83202 

86565 

96636 

03364 

13435 

16798 

13 

48 

83215 

86554 

96662 

03338 

13446 

16783 

12 

49 

83220 

86542 

96687 

03313 

1345^ 

16771 
io.i^75» 

^^ 

50 

9.83242 

9.86530 

9.96712 

10.03288 

10.13479 

Xo 

51 

83256 

865,8 

96738 

03262 

13482 

16744 

9 

5* 

83270 

86507 

96763 

03237 

13493 

16730 

8 

53 

83283 

86495 

,  9618S 

03212 

»3SP5 

.  16717 

7 

54 

83297 

86483 

96814 

;^3i86 

1.  >WJ 

,6703 

6 

55 

.83310 

86472 

:  9.^339 

'  03I6I 

.-i3»8 

:   16690 

■   5 

56 

I'M 

.   86460 

- .96864 

03136 

I  vi»:a*S4o 

16676 

4 

^l 

86448 

.  96890 

03110 

:J^5* 

16662 

3 

58 

83351 

86436 

; .5691^ 

03085 

■.'•^3^64 

16649 

2 

|9  ■ 

83365 

.  86425 

.  96940 

0306c 

i  »-3i575 

16635 

I 

€d 

83378 

86413 

06966 

03034 

r*3587 

16622 

0   > 

Go-fine. 

Sine. 

;Co-tang. 

['Tangent.. 
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Secant. 
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Tab.  XXII.   A  Tabic  of  Artificial  Sines,  Tang,  and  Sec.  4.3  Degree*. 


"m. 

Sine. 

Co-fine. 

Tangent. 

Co-tang. 

Secant. 

Co-fecant. 

0 

9.83378 

9.86413 

9.96966 

10.03034 

10.13587 

10.16622 

60 

X 

83392 

86401 

96991 

03009 

>3599 

16608 

59 

% 

83405 

86389 

970x6 

02984 

X3611 

16595 

58 

3 

83419 

86377 

97042 

C295fc 

13623 

16581 

57 

4 

8343a 

86366 

97067 

02933 

13634 

J656S 

56 

5 

83446 

S6354 

97092 

0290S 

13646 

16554 

55 

6 

83459 

86342 

97118 

02S82 

13658 

16541 

54 

'7 

83473 

86330 

97*43 

02857 

13670 

16527 

53 

% 

83486 

86318 

97168 

02832 

13682 

16513 

52 

9 

83500 

86306 

97193 

02807 

13694 

16500 

5» 

10 

9.83513 

9.8>295 

9.97*19 

10.02781 

10.13705 

10.16487 

50 

II 

835*7 

86283 

97244 

02756 

13717 

16473 

49 

12 

83540 

86271 

97269 

02731 

13729 

16490 

48 

13 

83554 

86259 

97294 

01705 

13741 

16446 

47 

>4 

83567 

86247 

97320 

02680 

13753 

16433 

46 

»5 

83581 

86235 

97345 

02655 

13765 

.  16419 

45 

16 

83594 

86223 

9737' 

02629 

13777 

16406 

44 

17 

83607 

862 II 

9739^ 

02604 

13789 

16392 

43 

18 

83621 

86200 

97421 

02579 

13800 

16379 

4» 

19 

83634 

86188 

97447 
9.97472 

02553 

13812 

16366 

41 

ao 

9.83648 

9.86176 

10.02528 

10.13S14 

10.16352 

40 

ai 

83661 

86164 

97497 

0*503 

13836 

16^39 

39 

a» 

83674 

86152 

97523 

02477 

.   13848 

16326 

38 

*3 

83688 

86140 

97548 

02452 

13860 

16312 

37 

^4 

83701 

86128 

97573 

02427 

13872 

16299 

36 

»5 

83715 

86116 

97598 

02402 

13884 

16285 

35 

26 

83728 

86104 

97624 

02376 

13896 

16272 

34 

»7 

83741 

86092 

97649 

02351 

13908 

16159 

33 

28 

83755 

86080 

97674 

02326 

13920 

16245 

3* 

29 

83768 

86068 

97700 

02300 

13932 

16232 

_3i_ 
30 

30 

9.83781 

9.86056 

9.97725 

10.02275 

10.13944 

10.16219 

31 

83795 

86044 

97750 

02250 

13956 

16205 

*2 

31 

838CS 

86032 

97776 

02224 

13968 

16192 

18 

33 

83821 

86020 

97801 

02199 

13980 

16179 

17 

34 

83834 

86008 

97826 

02174 

13992 

16166 

26 

35 

83848 

85996 

97851 

02149 

14004 

16152 

25 

36 

83861 

85984 

97877 

02123 

X4016 

16139 

24 

37 

83874 

85972 

97902 

02098 

14025 

16126 

23 

38 

83887 

85960 

97927 

02073 

14040 

16113 

21 

39 

83901 

85948 

97953 

02047 

1405a 

16099 

21 

40 

9.83914 

9.85936 

9.97978 

10.02022 

10.14064 

10.16086 

20 

41 

83927 

85924 

98003 

01997 

14076 

16073 

'2 

4* 

83940 

85912 

98029 

01971 

14088 

16060 

18 

43 

83954 

85900 

98054 

01946 

14100 

16046 

17 

44 

83967 

85888 

98079 

OZ921 

141 12 

16033 

16 

45 

83980 

85876 

98104 

01896 

14124 

16020 

15 

46 

83993 

85864 

98130 

01870 

14136 

16007 

14 

47 

84006 

85851 

98155 

01845 

14149 

15994 

13 

48 

84020 

85839 

98180 

01810 

14161 

15980 

11 

49 

84.33 

85827 

98206 

01794 

14»73 

15967 

II 

10 

50 

9.841^6 

9.85815 

9.98231 

10.01769 

10.14185 

10.15954 

51 

84059 

85803 

98256 

01744 

I4''97 

15941 

9 

5* 

84072 

85791 

98^81 

01719 

14209 

15928 

8 

53 

84085 

85779 

98307 

""^^Jl 

14221 

15915 

I 

54 

84098 

85766 

98331 

01668 

14234 

15902 
15SS8 

6 

55 

84112 

85754 

98357 

01643 

14146 

5 

56 

84125 

85742 

98383 

01617 

14158 

'^IJ^ 

4 

57 

84138 

85730 

98408 

01591 

14270 

15862 

3 

58 

841  SI 

85718 

98433 

61 567 

14282 

15849 

1 

59 

8^164 

85706 

98458 

01542 

14194 

15836 

1 

Jo 

84177 

85693 

98484 

01516 

14307 

15823 

0 

i 

Co-  fine. 

Sine. 

Co-tang.  I 

Tangent.  | 

Co-l'ecant.  { 

Secant. 

M. 
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Tab. 

XXIL  ATableof  Arttficial  Sines,  Tang,  and  Sec,  44  Degreci, 

M. 

*  Sincp 

Co-fi(ic. 

Taugcjit. 

Co-Tang* 

S<^»nc. 

Co- f team. 

o 

9-84177 

^.«^693 

9*98454 

10,01516 

10.44307 

TO. 15813 

6d 

I 

3+190 

B5681 

Q8509 

0149^ 

14319 

15810 

50 

1 

84*03 

856^9 

/  9»534 

tl466 

Ml  3* 

15797 

5a 

3 

84116 

IS657 

'       9^560 

.     0144c 

"4343 

1S784 

57 

4 

84^19 

S564S 

;      fSs«5 

C14IS 

H3  5^ 

>577J 

5^ 

5 

14-41 

«56,2 

08610 

oj  390 

i43tS 

1575* 

55 

6 

Ms  5 

B3610 

98635 

01365 

143SC 

"574  5 

H 

7 

84169 

85608 

98667 

01339 

H39i 

i573t 

53  ; 

S 

84LBZ 

85596 

9&68£ 

01314 

14404 

'S7'« 

5^ 

9 

^4^95 

855^3 

9^71- 

C1I1S9 

>44i7 

15705 

5" 

lo 

9.1i43^S 

9,8^571 

9.9^737 

IO.OJ163 

10*1^419 

10^15691 

50 

II 

84311 

*5559 

98761 

OI13S 

1444' 

15679 

49 

i» 

«4334 

«5546 

987B7 

0111^ 

14454 

1566G 

48 

]| 

84347 

*sn4 

98811 

■  on83 

14466 

15653 

47 

J4 

8436U 

855^^ 

sllf^ 

0116a 

1-^478 

15640 

46 

IS 

S4171 

85510 

l%ul 

OIT37 

14490 

15617 

45 

]6 

^4385 

»^'497 

OIlIl 

14503 

V5fi'4 

44 

17 

a4l9S 

854«5 

9>:9i3 

.  CI087 

i45'S 

15601 

43 

1      '^ 

£44n 

S5473 

9«V39 

OJ061 

14517 

155»9 

41 

^9 

84+14 

8546a 

5-S5448 

qSj^64 
9.98989 

01^36 

14540 

15576 

4i 

£0 

9*84437 

fo.otoii 

10.14551 

10-15563 

40 

11 

H4S^ 

8s+lfi 

9^014 

^       00985 

1         14564 

15550 

%9 

li 

84461 

85425 

99040 

1         0O96r. 

'45?7 

M>37 

33 

13 

84476 

85411 

99065 

1,       ^"^935 

14589 

^SS^'^' 

37 

14 

»44»9 

SS399 

990c>o 

CO910 

»46<*' 

15511 

36 

?5 

8450= 

85386 

99116 

00884 

J4614 

154^8 

35 

i6 

845*5 

*5374 

99141 

00859 

14646 

15485 

3+    \ 

1? 

S4S^S 

853^1 

99166 

Po^34 

J4639 

^547* 

33 

iS 

84540 

*5345 

99191 

cd8d9 

14b  51 

154^-^ 

3*    . 

■ 

^9 

5=4553 

85337 

99117 

00783 

J  466  3 

15447 

3" 

30 

9,^4566 

9,?S3i4 

9,9914a 

10*00758 

io.  14671J 

10. 154^4 

30 

1 

31 

*4579 

8531^ 

99167 

00713 
06707 

Hfisa 

15411 

19 

3» 

»4Syx 

85199 

99193 

i4''oi 

1540* 

18 

33 

846.5 

85x^7 

993 1 » 

006S1 

H713 

153^^5 

17 

34 

84618 

«5^74 

99343 

C0657 

14725 

15;^. 

16 

35 

S4630 

85161 

99368 

D0631 

1473S 

1537° 

^5 

36 

84S43 

85150 

99394 

00606 

14750 

3  5357 

14 

37 

84^5* 

^nv 

'      99419 

»fy5Si 

1471^5 

»5  344 

^3 

33 

84^6.^ 

8511^ 

99444 

005  56 

^4775 

15331 

11 

39 

S46S1 

85111 

99469 
9 ■99495 

0053 1 

litSS 

,  iH'^ 

11 
10 

40 

5-84694 

9.851C0 

io.0QffO5 

jt. jaBcc 

w^in-S- 

41 

847*57 

^5<*7 

99510 

00480 

hSj- 

i5^ys 

19 

41 

84720 

85175 

99545 

0^45^; 

HT3m 

ly^U 

i3 

43 

«4733 

85161 

99570 

CO430 

1483S 

15167 

'? 

44 

8474^ 

85,50 

59596 

o;j4C4 

I+H^O 

j>^<;? 

16 

45 

«475Si 

3-5137 

99611 

t0379 

14K63 

1514^ 

^5 

46 

84771 

8>iis 

99646 

0C354 

'4^75 

« 5*^91 

'4 

47 

H7S4 

Sjna, 

99671 

00318 

1^?:$% 

1^116. 

'3 

48 

¥4796 

85.10c 

99697 

00303 

14500 

151V4 

71 

49 

84S0N 

B51037 

q'j7J-i 

CO173 

i^glf 

icj:/i 

^' 

5^ 

9.848^1 

9.35^74 

9-59747 

JO. ^02 53 

io» 14976 

io,j5i7K 

10 

51 

84834 

85oCi;t 

99773 

coii> 

1473S, 

15106 

9 

5* 

8^847 

Sso4p 

9979S 

00101 

H951 

*5'53 

3 

S3 

^4%6o 

85037 

99813 

OCI77 
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NEW     CHARTS     and     PILOTS. 


Publiflied  and   Sold  by    JOHN    HAMILTON    MOORE, 
on  Tower-Hill,  London. 
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ANEW  and  corrc6l  Baltic  Pilot,  containing  the  Whole  of^  £ 


ids,") 
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the  Navigation  from  London  to  Saint  Peter fburgh  ;  on  1 2  . 
large  Sheets,  drawn  from  the  Daniib,  Swedifh,  and  Ruffian  late  j^ 
Surs'cys  —  —  —  .  —  — J 

^.  A  compleat  Irifh  Coafting  Pilot  —  —  — 

3.  A  New  African  Pilot,  containing  the  Navigation  from  England"] 
to  the  Cape  of  Good  Hope ;  the  Latitudes  and  Longitudes  were  \ 
determined  by  Time-pieces  and  Lunar  Obfervations  — J 

4.  A  New  Chart  of  the  Mouth  of  the  Thames,  (hewing  the  Sands,  ^ 
Buoys,  &c.  from  tlie  Nore  to  the"  South  Foreland  and  Orford 
ncl's 

c.  A  New  and  Correal  Chart  of  the  Eaft  Coaft  of  England,  in- 
cluding the  Navigation  from  the  South  Foreland  to  Flamborough 
Head,  from  the  lateft  Obfervations  and  Surveys,  on  a  Scale  of 
24  Inches  to  a  Degree,  with  Sailing  Direftions  — 

$,  The  Coafts  of  England  and  Holland,  including  the  Navigation' 
from  the  South  Foreland  to  Lynn- Deeps,  and  from  Calais  to 
the  Texel,  on  a  Scale  oif  13  Inches  to  a  Degree,  with  Sailing 
Directions  —  • —  —  — 

7.  A  New  and  Corre6l  Chart  of  the  North  Sea,  from  the  South 
Foreland  to  the  Shetland  Iflcs,  on  two  large  Sheets,  with  Sail- 
ing  Direftions  —         .         "~  —  — 

I .  A  Correal  Chart  of  the  Cattegat  Sound  and  Belts,  from  the  Scaw' 
tlic  lile  of  Rugen ;   including  particular  Plans  of  the  Sound, 
Marftrand  Haven,  the  Entrance  of  Gottenburgh  and  MaJo,  from  . 
the  Danlfli  and  Swcdifh  Surveys,  (in  the  Execution  of  this  Chart  / 

•  Mr.  Moore  has  been  greatly  aflifted  by  Capt.  Thomas  Pynian,  I 
of  Whitby,  and  feveral  other  experienced  Traders  to  Ruffia)      J 

^.  A  New  and  Corrert  Chart  of  the  Baltic  or  Eaft  Sea,  drawn  ] 
from  the  Swedifti  late  Survey,  with  Plans  of  the  principal  Har-  I 
hours,  on  a  very  large  Scale  —  —  —  J 

10.  A  New  Chart  of  the  Gulph  of  Finland  on  a  large  Scale,  froml 
the  Ruffian  Atlas  and  Swedifh  Surveys  —  —  / 

l^.  A  New  and  Corre6l  Chart  of  the  Britifti  Channel,  including") 
that  of  Briftol  and  the  South- Weft  Coaft  of  Ireland,  as  far  as  V 
the  River  Shannon,  conftrufled  on  the  true  Principles  of  Mer  ; 
cator's  Sailing,  with  Sailing  Dire6tions*.  —  — J 

A  Chart  of  the  Downs,  upon  a  very  large  Scale  — 

A  New  and  Correft  Cliart  of  Spithead,  the  Ifle  of  Wight," 
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Portfmouth  Harbour,  &c.  ftiewing  all  the  Shoals,  Sands,  Liglit-  I 

houfes.  Beacons,  Buoys,   Sea-Marks,  Soundings,  Anchorages,  [ 

&c.  upon  two  large  Sheets,  from  an  a6lual  Survey  — J 

14.,  A  hfew  Chart  of  Plymouth  Sound,  Hamoaze  and  Catwater 

25.  A  New  Chart  of  Dartmouth  Harbour,  being  an  a6tual  Survey  T 

made  by  Jofeph  Deffiou  —  —  — j 

16.  A  Chart  from  Caldy  Ifland  to  the  River  Shannon,  on  twol 

.   large  Sheets,  deduced  from  the  lateft  Surveys  —  — J 
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♦  Upwards  of  5000  of  this  Chart  have  been  fold  fincc  its  firft  Publicatioft 
m  1786. 
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17.  A  New  and  Correft  Chart  of  St.  Gcorgf's  and  Briftol  Chan-"]! 
nels,  containing  the  Whole  of  the  Navigation  from  Hartland 
Point  to  Raiichiin  Ifland,  being  a  Redu^ion  of  Mr.  Mackenzie's 
Surveys  to  a  Mercator's  Projeftion,  with  many  other  Improve- 
ments —  —  —  —  — 

%t.  A  New  and  Corre6l  Chart  of  the  Weft  Coaft  of  Ireland,  from' 
Sligo  Bay  to  the  River  Shannon,  from  the  lateft  Surveys  and 
moft  accurate  Obfervations  —  —  — 

1 9 .  A  New  and  Correal  Chart  of  the  North- Weft  Coaft  of  Ireland, 
from  Belfaft  to  Sligo  Bay  —  — 

20.  A  New  and  Corre6l  Chart  of  the  Weft  Coaft  and  Iflands  of 
Scotland,  including  the  Navigation  from  the  Mull  of  Cantire  to 
Cape  Wrath,  drawn  from  the  bcft  Authorities  on  a  Mcrcator" 
Projc6lion  —  —  — 

2 1 .  A  New  and  Corredl  Chart  of  the  Orkney  Iftands  upon  a  large 
Scale,  including  the  Navigation  from  Cape  Wrath  to  Duncanft)y 
Head  —  —  —     .  —  — • , 

22.  A  Chart  containing  the  Coafts  of  Ireland,  France,  Spain  andl 
Portugal ;  alfo  the  Coafts  of  Barbary  and  Guinea,  as  far  as  Cape  ! 
Three  Points ;  with  the  Weftern,  Canary,  and  Cape  d<  Verd  { 
Iflands,  on  two  Sheets  —  —  —  —  ' 

23.  A  Chart  from  Uftiant  to  Gibraltar,  including  the  Bay  of  Bif- 
cay,  the  Coafts  of  Spain  and  Portugal,  with  particular  Plans  of 
twenty  ot  the  principal  Roads  and  Harbours  —  — 

24.  A  Chart  from  Cape  St.  Vincent  to  Malaga,  drawn  from  an 
a6lual  Survey,  on  a  large  Scale  —  —  — 

25.  A  Chart  of  the  Mediterranean  Srti,  conftrufted  on  the  Prin- 
ciples of  Mercator's  Sailing ;  the  Latitudes  and  Ix>ngitudes  are 
laid  down  agreeable  to  Celeftial  Obfervations,  with  particular  / 
Plans  of  22  of  the  principal  Harbours  —  —J 

2jS.  a  New  Chart  of  the  Coaft  of  Africa,  from  Senegal  to  Sherbro'1 
River,  including  the  Ifles  of  Delos,  and  Sierra  Leon  —  f 

27.  A  New  Chart  of  the  Coaft  of  Africa,  from  thq  Ifles  of  Delos' 
to  Cape  Formofa,  with  the  Gold  Coaft  and  the  River  Sierra 
Leon,  upon  a  large  Scale,  the  Latitudes  and  Longitudes  deter- 
mined by  the  Lunar  Obfervations  and  Time-pieces  in  the  Gram- 
pus and  Nautilus  Ships  of  War  —  —  — ^ 

28.  A  New  Chart  of  the  Coaft  of  Africa,  from  Cape  Formofa  to' 
the  Cape  of  Good  Hope,  including  the  lilands  of  St.  Thomas 
and  Annabona  —  -—  —  — 

29.  A  General  Chart  of  the  Atlantic  or  Weftern  Ocean,  extending' 
from  Greenland  to  Cape  Horn  and  the  Cape  of  Good  Hope;  x 
fliewing  the  Winds,  Variations  of  the  Compafs,  Rocks,  Shoals,  [ 

30.  A  New  General  Chart  of  the  Indian  and  Pacific  Oqeans,  in- | 
eluding  the  Navigation  from  the  Cape  of  Good  Hope  round  V 
New  Holland  to  Canton  in  China,  deduced  from  the  lateft  Sur-  [ 
vi:>'S  and  moft  accurate  Obfervations  —  — J 

31.  A  Chart  from  the  Straits  of  Bellifle  to  Cape  Cod;  containing] 
Newfoundland,  Gulf  and  River  St,  Lawrence,  Nova  Scotia,  V 
Sable  liland  and  the  Bay  of  Fundy,  on  four  large  Sheets^  drawn  f 
from  the  lateft  Marine  Journals  and  Surveys  •—  — J 

j2.  A  Chart  of  Nova  Scotia,  the  Bay  of  Fundy,  with  the  Iflandofl 
St.  John,  &c.  on  a  Scale  of  fix  Inches  to  a  Degree  of  Longitude  /  ® 

33.  A  Chart  from  Gape  Cod  to  the  Havannah,  including  Caflie'si 
Ledge,  St.  George's  Bank,  Nantucket  Shoals,  the  Floridas,  and  >  o 
Gulph  Blafs  in  the  Gulph  of  Florida  —  —J 

34.  A  Chart  of  the  Weft-Indies,  from  ^e  Eaft  Part  of  Hifpaniola"^  » 
round  the  Weft  End  of  Cuba ;  including  the  Gulph  and  Wind-  v  o 
ward  PalTages,  Shoals,  Rocks,  Keys,  &c.  on  four  Sheets  J 

35.  A  Chart  of  the  Caribbee  or  Windward  Iflands,  from  Barba-  | 
does  to  the  Ifland  of  Hifpaniola,  witb  Part  of  tlif  Spanifti  Main,  I  o 
y#  alarge  Scale  •—    '         '  —  --  —J 
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